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(54) Recording methods using electro-sensitive movable fluids, and recording apparatuses 



(57) in the method of using an ink-jet recording ink 
composition and the recording apparatus according to 
the invention, by the application of a voltage between 
one or plural ink jet electrodes (16) and one or plural 
source electrodes (17) which are provided in the vicinity 
of bottom ends of the ink jet electrodes and are electri- 
cally insulated from the ink jet electrodes, an ink-jet re- 
cording ink composition comprising an electrosensitive 
movable fluid and a colorant dissolved or dispersed in 
the fluid is moved in the direction of the source elec- 



trodes to the ink jet electrodes and is jetted from tips of 
the ink jet electrodes. An ink attraction electrode may 
be further arranged in the present invention, whereby 
the ink composition jetted from the ink jet electrodes can 
be attracted by the ink attraction electrode and thereby 
more precise printing can be carried out. A gate elec- 
trode may be furthermore arranged between the ink at- 
traction electrode and the ink jet electrode, whereby 
printing can be carried out with controlling the jet line of 
the ink composition. 



Fig. 1 
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Description 



»— ,. 9 „ P „„,j, usin9 ,, e d m E 4T:^r:zs * v ,he preseni imem ° ,8 > - ,o — 

roooTi Thl « T 172746/199 °. Japanese Prmt.ng Institute Bulletin Vol. 27, No. 3 P 283) 

he el i T USIn9 ? COnven,ional ER ink composition, the ER ink composition is always under pressure (in 
asasoov^ 

fhe use of The otnTZZ ^ r '° ^ C0mP0Siti0n ,0 C °° rdination link the ER e arti <^ to one ano he " 
etfremefc Ino S*' " ' S neC6SS3ry l ° con »^"ously apply a voltage to the ER ink composition excep t an 
ZStoSE, LtT.L ? IT Jet,inQ ,hS ER ink com P° siti °n- Further, in order to coordination link the ER paries 
fs in the In h , h3Ve 3 SUffiCient f UnCti ° n 38 3 St °P valve - a considerably high voltage must be applied tS 
par^e in ZTrnT ^ ink " je, reC ° rding ^ 3 co " s ^erab.y high voltage is necessa^ to aMow the ER 

========== 

[0010] ,„ the drop-on-demand type ink-je, recording system, the voltage applied to one nozz.e is high as described 
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abov* Therefore, the number of the nozzles employable for one printer is limited, and the limited number of nozzles 
a problem of noise ol the driving means takes place. 

SphJ™ n T h, e T ink t COmposi,ion con,ains ER particles. When the ER ink composition is jetted, the ER particles 
Z ZteTJTiT T the Th 6le f ° de ,0 WhiCh 3 iS applied and which * Prided on the ink jefno le 

-urfaTo »H ^ 6 ' ER PartiC ' eS in ° rganiC Par,ides as described abov *. a ^ therefore the inner 

Tn. educed 17. ^ ' S COnSiderab 'V abraded the con,a " with the ER particles. If the abrasion powder is 
introduced into the ER ink composition. ER properties of the ER ink composition are altered, and this may cause 
extraordinary current between the electrodes. V 

2 m T f h ' ER ink com P° sl,ion is a dispersion of the ER particles in a dielectric fluid, and the ER particles have a 
oTod nf ? T?» " y " ER COm P° sition - That * ^en the ER ink composition is stored for a long 
.h S f '"I S ^ ^ S6dimen,ed ln the ER ink —Position containing the sedimented ER parties 

Sag^ppLd. ° P '° ^ C °° rdina,i ° n ,inka 9 e of ,he ER P article * «■ "* sufficiently exhibited even i, a 

which 1 !, w b i 6Ct °J ,h f PfeSent inVenti ° n 10 PfOVide 3 n ° Vel melhod ot usin 9 an ink -i et recordin 9 composition 
n^ntio h ' L Pnn,er " '° Pr ° Vide 3 r6COrdin9 appara,us utilizin 9 the me ^- More particuiar.y the 
invention proves a method wherein an ink-jet recording ink composition is jetted utilizing a jet flow of an elect ro 

ITZTZZT* Pr0dUC6d ^ aPP,iCati ° n °* 3 VO ' ta9e b6,Ween e,eCtr0deS ^ and prOVid6S 3 -or d rng a a n p e pals 

collno ItZT' ° b ' eCt °' h 6 , inVent ' 0n ,0 Pr ° Vide 3 meth0d °' Pfecisely ieUin 9 an ink -i et recordin 9 ink composition 
containing the above-mentioned electro-sensitive movable fluid and to provide a recording apparatus utilizing the meth- 

men.toned S^^St? imenX, ° n * 3 n ° Ve ' ^ reC ° rding ink C0 ™P™<™ for use in the above- 

mennonea methods and recording apparatuses. 

comp 6 r ] i S in F g r0m " firSt ^ inVen,i ° n Pr ° VideS 3 °' USin9 30 ink " jet reCOfdin 9 ink composition, said method 

arranging one or plural ink jet electrodes and one or plural source electrodes in the vicinity of bottom ends of the 
ink et electrodes, said source electrodes being electrically insulated from the ink jet electrodes and 
applying a voltage between the ink jet electrodes and the source electrodes to jet an ink-jet recording ink compo- 
sition from tips of the ink jet electrodes, 

said ink-jet recording ink composition comprising an electro-sensitive movable fluid and a colorant dissolved or 
uisperseo in ine Tluid. 

[0017] The method of using an ink-jet recording ink composition preferably comprises: 

romnS °™ 0r plural * k jet tetrodes and an ink attraction electrode for attracting an ink-jet recording ink 
composition jetted from the ink jet electrodes, 

energizing the ink composition so that it can be jetted from the ink jet electrodes and 

SsoHh^n 0 '!!, 96 , Tr i6t eleC,r ° deS 3nd ,he ink 3,tr3C,ion electrode to ' et the ink composition from 
tips of the ink jet electrodes toward the ink attraction electrode, 

said ink-jet recording ink composition comprising an electro-sensitive movable fluid and a colorant dissolved or 
dispersed in the fluid. 

[001 8] The method of using an ink-jet recording ink composition preferably comprises: 

arranging one or plural ink jet electrodes, one or plural source electrodes in the vicinity of bottom ends of the ink 
jet electrodes, said source electrodes being electrically insulated from the ink jet electrodes, and an ink attraction 
electrode for attracting an ink-jet recording ink composition jetted from the ink jet electrodes and 
S I!!" 9 T? la9e b6,Ween thS ink i6t electrodes and the source electrodes and between the ink jet electrodes 
etectlod'e °" eleClr ° de ! ° * ^ ^ COmpOSition from ,ips of ,he ink ) et electrodes toward the ink attraction 

said ink-jet recording ink composition comprising an electro-sensitive movable fluid and a colorant dissolved or 
aispersed in the fluid. 

[0019] The method of using an ink-jet recording ink composition preferably comprises: 

arranging one or plural ink jet electrodes, one or plural source electrodes in the vicinity of bottom ends of the ink 
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jet electrodes, said source electrodes being electrically insulated (rom the ink jet electrodes an ink attrition o, 
^om^ 

dfspJrsed !n^S ^ C ° mP ° Siti ° n C ° mPnSin9 elec, — sit - — b.e fluid and a colorant disso.ved or 
[0020] The method of using an ink-jet recording ink composition preferably comprises: 

*Z2££ ° r H Ural 'f eleC,r0deS ' ° ne " P ' Ural S ° Urce e,ec,rodes in the vicinity of bottom ends of the ink 
jet e ectrodes. said source electrodes being electrically insulated from the ink jet electrodes a pair of ink a t action 
e ectrodes for attracting an ink-jet recording ink composrtion jetted from the Ink jet electrode in the je, d ec on 
° 7? l°T in r k COmposi,ion < said ^ °f ** attraction electrodes being electric^ ,lsu ate^rom eacn 
other, and a baffle w.th an ink-passing hole between the ink je. electrodes and the ink aUractio e S^SeT 
applying a voltage between the ink jet electrodes and the source electrodes and betwln^intte Tetrodes 

decreasing or stopping power supply to the voltage-applied ink attraction electrode and simultaneously increasina 

Z^Z&l"* ° ,her ,nk a,lrac,ion e,ec,rode t0 a,,ow ,he ink «~« - iZZZZZtt 

dfspersed InTfS "* COmP ° Si,i ° n "^"^ 30 ™vab.e fluid and a colorant dissolved or 

SJrsed MhTJS ^ COmPOSiti ° n COmPriSiP9 a " e,eclro - sensitive — b.e fluid and a colorant dissolved or 

= h^=~ 

T£T G < if*! reCOrdinQ COmposition is ,ed to th * jet means; the ink jet means comprises one or plural 

SSfS^k^SS 9 ^ T r itiQn ^ ^ a ' ,raC,i0n e,eC,rode for t P heTntr m pos o 

S T ? ' electrodes, said ,nk attraction electrode being arranged in the vicinity of the arrival point of 

l^prf h h COmposi,lon; and the ink composition is jetted from tips of the ink jet electrodes toward theTrXa^^^^ 

? T° 3 u VO ' tage b6tWeen ,he ink iet electrodes and the ink a «^ction electrode ' nkattraC,l ° n 
dSrtd1nT? n H ' h C ° mpOSi,i ° n com P^'n9 an electro-sensitive movable fluid and a colorant dissolved or 
dispersed ,n the flu.d and be.ng energized so that it can be jetted from the ink jet electrodes. 

So ? e reC ° rding 3PPara,US Pref6rably com P rises ^ ink jet means having a hole through which an ink-iet re 
cord.ng ink compos.tion is jetted correspondingly to printing signals 9 ' 

correspondingly to printing signals, 

T P0SW, °r " ' ed l ° ^ i6t meanS = the ink means com P ris - one or plural 
nf hS« a !.u 9 composition, one or plural source electrodes which are provided in the vicinitv 

eect^ 
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dfspJrsed !n r th C e° r S. "* C ° mP ° Siti ° n C ° mPriSin9 " e,ectro " sensitive ^le fluid and a coloran, dissolved or 



2£ sr- havin9 a ho,e ,hrou9h which - - - 

2^^?^? C r P ° Si,i0n IS fSd l ° * he inki6t meanS ' the ink ' et — comprises one or p.ura. 
of of Zi I 9 , ? com P° sltlon - one or I*"*' source electrodes which are provided in the vicinity 

electrode fo attracting the ink composition jetted from the ink jet electrodes, said ink attraction electrode b P inn 

Z7:TeZ27n,T e r iVa ' P ° int 01 ^ je ' ,ed ^ COmP ° Siti0n ' and 3 9a.e e^Z^elTsn 
md P , I! ! h ? at,faC,IOn eleC,r0de; 3nd the ink co ^ition is jetted from tips of the ink jet efec 

la^Zl b T e ' eCtr0de bV aPPlyin9 8 VOUa9e b6,Ween lhe ink » electrodes and he source 

electrodes and between the ink jet electrodes and the ink jet electrode, with controlling a voltage apoHed to he 
gate electrode and thereby controlling the direction of the jetted ink composition 9 PP 

dfspe^se'd !n"h C e° r S. "* COmP ° Si,i ° n C ° mPriSin9 " elec,r °- sensitive —able fluid and a coloran, dissolved or 

Sg ^i:^^^^^ SKT " S haV ' n9 3 h0 ' e - - 

correspondingly to printing signals : 

of botto^n7^f?h I 9 ? COmpOSI,lon ' one or P lura " source electrodes which are provided in the vicinity 
o bottom ends of the ink jet electrodes and are electrically insulated from the ink jet electrodes at least onl nZ 
of mk attraction e.ectrodes which are electrica.ly insulated from each other and vZ^S^fJ^JZ 

heTr T 3 baff,e WhiCH 30 ink - paSSin 9 h0,e and is P™ ided between the in^k je e ec^des and 
he ink attract™ electrodes; the ink composition is con.inuous.y jetted from tips of the ink jet elec UoZ toward 

TectZl " T y,n9 ^ :°" a9e b6tWeen ,hS jSt el6C,r0deS and the source ectrodes a£t*E^.tX 
electrodes and one of the ,nk attraction electrodes; and the ink composition is allowed to pass Zuoh the ink 
passing jhota -or the baffle to reach a recording material by stopping power supply to thevoltage^l^L^," 

Spe^LrS. ^ COmPOSiti ° n C ° mPriSin9 30 e,eCtra - Sensitive ""vab'e ""id and a coloran, dissolved or 

2£ asCJKSS Sr ans havin9 a hole thr - h which an - 

correspondingly to printing signals, 

triril v. ^ ! , J u ? nR com P° sltlon 1 and a t 'east one pair of ink attraction electrodes which are elec- 

on hZh rlt" K in K j t e ' eC,r ° d?S ^ arran96d in the * direction of lhe ink composition and at east 
Tr !^ 9 ° U9h Wh ' Ch the inK com P° sitio " Jetted from the ink jet e.ectrodes toward the ink attracTon 

the through-hole of the ink attracbon electrodes to reach a recording material sinrougn 
dfspe?sed !nTe°S. "* C ° mPOSiti ° n C ° mPriSin9 " e,ectr °- sensitiv * ^able fluid and a colorant dissolved or 

slS. 9 k f ° W accord,n 9 t0 the a PP»ed voltage, and a colorant dissolved or dispersed in the ttZ The electro^ 
n Tocld f ° r '° rmin9 lHe ink com P° si «°n comprises a compound having a conduct vity o a^d fvfscos tv 

as venexes P 1 at ; heWOrk,n u temperature and the working pressure, said trangle having. 

= iTi^VC^^ Z^T CWA !n = i X 10 ' 1 ° (Pr6,erab,y 5 X 1010 S/m > and the viscosity' 

0 = 5X10-6 S/m (oreferablv 2 5 v n-6 V P ? f V a " d 3 p0,nt R indlc ated by the conductivity 

b/m (preferably 2.5 X 10 s S /m), and the v.scosity n = 1 x 10"" Pa-s (preferably 2 X 10-4 Pa-s), or 
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comprises a mixture of two or more compounds, said mixture being adjusted to have a conductivity o and a viscosity 
il located on or inside said triangle. =>w&iiy 

[0028] When a certain dielectric fluid (i.e., "electro-sensitive movable fluid" referred to herein) is subjected to an 
electnc held an electric force is generated in the fluid owing to the ununiformity of electric conductivity and dielectric 
constant. In the direct-current electric field, the Coulomb force acting on free charge dominates rather than the dielec- 
trophoretic force. This Coulomb force causes hydrodynamic instability, resulting in occurrence of convection of the 

(SoTe^cts" 9 mOVab ' e f ' Uid ° f 3 SeC ° ndary m ° ti0n °' flU,d ' Th6Se P henomena are called "electrohydrodynamic 

[0029] The present inventors have found that an ink composition prepared by dissolving or dispersing a colorant in 

The ore ZZ 7 !f "f ^ * ^ imm 3 n ° 2Z ' e by ^ a ™Ka 9 e to the composition 

L thp FMn 7 e t n,0rS h COn ? ,der that the & Phenomenon of the ink composition is owing to the EHD effects Utilization 
2 ^ t e h EHD , e,,eC S " the lnk "' et recordin 9 l VP e P rinter s has been never known hitherto. The present inventors consider 
that the motion of the .nk-jet recording ink composition in the present invention is probably-by virtue of the EHD effects 
but they do not conclude that the phenomenon occurring in the invention is owing to the "EHD effects" 
0030] Some preferred embodiments of the invention will now be described by way of example only and with reference 
to the accompanying drawings, in which: 

1 is a view to ex P' ain i ettin 9 Principles of an ink composition for use in the present invention 
J 9 ' ' S 3 VI6W 10 eXP ' ain ieUin9 P rinci 'P les of an ink composition for use in the present invention 
invention 3 * 3 ^ SChematiCa " y SnOWin 9 an embodiment of the recording apparatus according to the present 

f [ Md 3 at 25 F =C 4 ^ 3 9raPh Sh0Win9 3 relati ° n b6tWeen 3 C ° ndUCtivit y ° and a vlscosit V n of an electro-sensitive movable 

S?l 51 H Fi9 ,K 5 15 3 f , W ShOWin9 3 hei9W °' je " ed dibUty ' decanedi °a'e (DBD) and a current between the electrodes 
given when the applied voltage is changed in the range of 0 to 1 2 kV. 

present in^ention^' ^ ^ ^ ^ ^ 3 Sh ° Win9 3n ° ther embodiment of the electrode employable in the 
fTmonedot 5 ?W ' ^ ^ ^ ^ ^ 3 ™ W Scnematical| y showin 9 P"urai nozzles which are together used to 

[0038] Figs. 8(a), 8(b). 8(c), 8(d) and 8(e) and Fig. 9 are each a view to explain a method of applying a voltage to a 
recording apparatus using an ink attraction electrode. 

[0039] Fig. 10 Fig. 11 , Fig. 12, Fig. 13 and Fig. 24 are each a view schematically showing a nozzle of a recording 
apparatus including a gate electrode. y 
[0040] Fig. 1 4 is a view schematically showing deviation of a jet line of an ink composition 

[0041] F,g. 15 Fig. 16, Fig. 17 and Fig. 18 are each a view showing deviation correction of a jet line of an ink 
composition by the use of plural nozzles. 

[0042] Fig. 19, Fig. 20, Fig. 21 and Fig. 22 are each a view showing another embodiment of the source electrode 

used in the recording apparatus of the present invention. 

[0043] Fig. 23 is a view schematically showing a nozzle used in Example 10 

St in F venton S 3 ^ SChematiCa " y Sh ° Wing ,he ° ther embodiment of the recording apparatus according to the 
DETAILED DESCRIPTION OF THE INVENTION 

!ecnSnn Th ! Using an ,nk '* e{ recordin 9 ink composition and the recording apparatuses using an ink-jet 

recording ink composition according to the invention are described in detail hereinafter 

whi^h 1 ' n i k - je f t f reCordin 9 ink composition for use in the invention comprises an electro-sensitive movable fluid 

H C3P H !T n9 3 J6t f ' 0W b6tWeen the e,eCUOdeS co "espondingly '° the applied voltage, and a colorant 
dissolved or dispersed in the fluid (, or which is colored). 

E, Illl^Tr^ m ° V3ble f ' Uid hefein iS an ° rganiC COm P° und which is lic 1 uid at tempera- 

lolSn! Th 3 J W 6 C ° mPOUnd C3n bS Pf0dUCed betWeen the electrodes correspondingly to the applied 
voltage. This organic compound is substantially dielectric. 

se 0 n!l™l d hM? W H are examples of compounds exhibiting the above properties and employable as the electro- 
sensitive movable fluids in the invention. 



(1) Dibutyl adipate (DBA) 

(2) Tributyl citrate (TBC) 

(3) Monobutyl maleate (MBM) 

(4) Diallyl maleate (DAM) 



(5) Dimethyl phthalate (DMP) 

(6) Triacetin 
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CH 2 OCOCH, 
I 

CHOCOCH3 
I 

CH 2 OCOCH 3 

(7) Ethyl cellosolve acetate 

(8) 2-(2-Ethoxyethoxy)ethyl acetate 

(9) 1 : 2-Diacetoxyethane 

(10) Triethylene glycol diacetate 

(11) Butyl cellosolve acetate 

(12) Butyl carbitol acetate 

(13) 3-Methoxy-3-methylbutyl acetate 

(trade name: Solfit AC) 

(14) Dlbutyl fumarate (DBF) 

(15) 2-EthyIhexyl benzyl phthalate 

(trade name: Placizer B-8) 
(17) Propylene glycol methyl ether acetate (PMA) 



CH 3 
I 

CH3OCH2CHOCOCH3 

(18) Methyl acetyl ricinoleate (MAR-N) 

O-COCH3 
I 

HC-CH 2 CH-C 6 H 13 
II 

hc~(ch 2 ) 7 ccxx:h 3 

(19) 2-Ethylhexyl palmitate 

(trade name: Exepal EH-P) 

(20) Dibutyl itaconate (DBI) 



CH 2 =CHCOOC 4 H 9 
CH 2 COOC 4 H 9 

(21) Polyethylene glycol monooleate 

(trade name: Emanone 4110) 

(22) Butyl stearate 

(trade name: Exepal BS) 

(23) 2,2,4-Trimethyl-1,3-pentanediol diisobutyrate 

(trade name: Kyowanol D) 
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CH 3 CH, 



CH 3 



ch 3 -ch-ch-c^:h 2 -o-c^:h 
II ll | 

CH3-CH-C-O CH 3 0 CH 3 

/ II 

CH 3 O 



(24) 2,2 : 4-Trimethyl-1,3-pentanediol monoisobutyrate 

(trade name: Kyowanol M) 

(25) Propylene glycol monoethyl ether 

(26) Propylene glycol ethyl ether acetate 

(trade name: BP-Ethoxypropyl Acetate) 



C 2 H 5 OCH 2 CHOCCH 3 + C 2 H 5 OCHCH 2 OCCH 3 

I II I II 

CH 3 0 CH 3 0 

90 wt% 10 wt% 



(27) 9,10-Epoxy butyl stearate 

(trade name: Sansocizer E-4030) 



C 8 Hi7-CH-CH- (CH 2 ) 7 -CO-C 4 H 9 
\ / II 

o o 



(28) Tetrahydrophthalic acid dioctyl ester 

(trade name: Sansocizer DOTP) 

(29) Tributyl phosphate (TBP) 

(30) Tributoxyethyl phosphate (TBXP) 

(31 ) Tris(chloroethyl) phosphate (CLP) 

(32) Ethyl 2-methylacetoacetate 

(33) 1-Ethoxy-2-acetoxypropane 

(34) 2-(2.2-Dichlorovinyl)-3,3-dimethylcyclopropane carboxylic acid methyl ester (DCM-40) 



H3C CI 

\ / 
C CH-CH=C 

/\ / \ 
H 3 C CH CI 
I 

0=C-O-CH 3 

(35) Linalyl acetate 
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w 



CH 3 

CH 3 -C=CH-CH 2 -CH2-C-CH=CH2 

I I 

CH 3 O-C-CH3 

I! 

O 



(36) Dibutyl decanedioate 

(37) Mixture of Kyowanol M and Exepal EH-P in a mixing ratio of 1 :4 by weight 

Kyowanol M (trade name) : 2,2.4-trimethyl-1,3-pentanediol monoisobutyrate 
Exepanl EH-P (trade name): 2-ethylhexyl palmitate 
75 (38) Mixture of DAM and Exepal BS in a mixing ratio of 1 : 4 by weight 

DAM: diallyl maleate 
Exepal BS (trade name): butyl stearate 
(39) Dibutyl dodecanedioate (DBDD) 



20 

Bu-OCO-(CH 2 ) 5 -CH(Bu)-COO-Bu 



[0049] The compounds mentioned above can be used singly or in combination. 

[0050] The conductivity and the viscosity of the above compounds, as measured at 25 °C, are set forth in Table 1 . 

Table 1 



Compound (™: trade name) 


Conductivity (S/m) 


Viscosity (Pa-s) 


(1) DBA 


3.01 X10- 9 


3.5X10-3 


(2) TBC 


5.71X10- 7 


2.0X10-2 


(3) MBM 


2.60X1 0" 5 


2.0X10" 2 


(4) DAM 


7.80X1 0" 7 


2.5X1 0- 3 


(5) DMP 


3.90X1 0- 7 


1.2X10- 2 


(6) Triacetin™ 


3.64X1 0- 9 


1.4X10-2 


(7) Ethyl cellosolve acetate 


7.30X1 0" 5 


9.0X1 0" 4 


(8) 2-(2-Ethoxyethoxy)ethyl acetate 


6.24X10- 7 


1.4X10-2 


(9) 1,2-Diacetoxyethane 


2.00X10-6 


1.5X10- 3 


(10) Triethylene glyocl acetate 


5.20X1 0" 7 


8.1X10" 3 


(11) Butyl cellosolve acetate 


2.10X10" 8 


7.0X1 0- 4 


(12) Butyl carbitol acetate 


5.20X1 0" 8 


1 .7X10- 3 


(13) Solfit AC™ 


8.30X10* 8 


6.0X1 0- 4 


(14) DBF 


2.65X1 0" 9 


3.5X1 0" 3 


(15) Placizer B-8™ 


1.10X10- 8 


7.8X10-2 


(17) PMA 


1.56X10" 7 


6.0X1 0* 4 


(18) MAR-N™ 


1.30X10' 8 


1.3X10-2 


(19) Exepal EH-P™ 


2.60xi0-^> 


9.5X10-3 


(20) DBI 


1.46X10-8 


3.5X10-3 


(21) Emanone4110™ 


3.75X1 0 7 


8.0X10-2 


(22) Expal BS™ 


3.10X10- 10 


8.5X10-3 
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Table 1 (continued) 



Compound (™: trade name) 


Conductivity (S/m) 


Viscosity (Pa s) 


(23) Kyowanol D™ 


6.24X10- 9 


4. OX 10' 3 


(24) Kyowanol M™ 


6.80X10' 8 


1.2X10" 2 


(25) MP-Ethoxypropanol™ 


6.24X1 0* 5 


8.0X10" 4 


(26) BP-Ethoxypropyl Acetate™ 


3.10X10" 8 


6.0X10" 4 


(27) Sansocizer E-4030™ 


5.46X1 0 9 


2.0X10" 2 


(28) Sansocizer DOTP™ 


6.20X10*1° 


4.0X10-2 


(29) TBP 


2.20X10" 6 


2.2X10- 3 


(30) TBXP 


1.10X10' 5 


9.0X10- 3 


(31) CLP 


7.80X1 0' 6 


3.0X10-2 


(32) Ethyl 2-methylacetoacetate 


1.00X10' 4 


5.0X10* 4 


v*jo; i t inoxy-^-aceioxypropane 


4.41 X10" 7 


4.0 X10" 4 


(34) DCM-40™ 


2.60X1 0" 5 


5.5X10-3 


(35) Linalyl acetate 


1.82X10' 9 


1.3X10-3 


(36) Dibutyl decanedioate 


1.40X10' 9 


7.0X10-3 


(39) Dibutyl dodecanedioate 


5.2X10' 9 


9.3X10-3 



[0051] The electro-sensitive movable fluid lor the ink-jet recording ink composition employable in the invention is 
preferably a compound or a mixture each having the following specific conductivity and the following specific viscosity 
at the working temperature. v.M,ua.iy 

[0052] That is, when the conductivity o and the viscosity n of the "dielectric fluids" including the above compounds 
are measured under the conditions of an electric field intensity of 2 kVmm-' and a temperature of 25 °C, the dielectric 
fluids are distributed as shown in Fig. 4. 

[0053] The compound used as the electro-sensitive movable fluid in the ink composition for use in the invention is 
preferably a compound having, at its working temperature, a conductivity o and a viscosity r, located on or inside a 
triangle in a graph (Fig. 4) wherein the conductivity o is plotted as abscissa and the viscosity is plotted as ordinate 
said triangle having the following points P, Q and R as vertexes. When a mixture of two or more kinds of compounds 
is used as the electro-sensitive movable fluid, the mixture is preferably such a mixture as adjusted to have a conductivity 
o and a viscosity t| located inside the above triangle. 

Table 2 





Conductivity (o) 


Viscosity (rt) 


Point P 


4 X 10- 10 S/m 


1 X 10° Pa-S 


(Point P°) 


preferably 5 X 10 -10 S/m 


preferably 8 X 10' 1 Pa-S 


Point Q 


4 X 10- 10 S/m 


1 X 10- 4 Pa-S 


(Point Q°) 


preferably 5 X 10" 10 S/m 


preferably 2 X 10" 4 Pa-S 


Point R 


5X 10- 6 S/m 


1 x 10- 4 Pa-S 


(Point R0) 


preferably 2.5 X 10~ 6 S/m 


preferably 2 x 10" 4 Pa-S 
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[0054] In Table 2, the points F* Q0 and R0 are particularly preferable points as the vertexes of the triangle wherein 
the electro-sensitive movable fluid of the invention is located. 

[0055] Some examples of the compounds preferably used as the electro-sensitive movable fluids in the ink compo- 
sition tor use in the invention are given below. 



(1) Dibutyl adipate (DBA) 
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(a = 3.01 x 10" 9 S/m, r\ = 3.5 X 10~ 3 Pa s) 

(6) Triacetin 

(a = 3.64 x 10" 9 S/m, ti = 1.4 X 10" 2 Pa s) 

(11) Butyl cellosolve acetate 

10 

(o = 2.10 x 10* 8 S/m, ii = 7.0 x 10' 4 Pa-s) 

(12) Butyl carbitol acetate 

15 

(o = 5.20 X 10" 8 S/m, ii = 1.7 X 10* 3 Pa-s) 

(13) 3-Methoxy-3-methylbutyl acetate (Solfit AC) 

(a = 8.30 X 10~ 8 S/m, r) = 6.0 X 10* 4 Pa-s) 

(14) Dibutyl fumarate (DBF) 

(a = 2.65 x 10' 9 S/m, ti = 3.5 X 10* 3 Pa s) 

(17) Propylene glycol methyl ether acetate (PMA) 

(a = 1.56 X 10' 7 S/m, t] = 6.0 x 10" 4 Pa-s) 

(18) Methyl acetyl ricinoleate (MAR-N) 

35 

(a = 1.30 X 10" 8 S/m, n = 1.3X 10" 2 Pa-s) 

(20) Dibutyl itaconate (DBI) 



25 



30 



40 



(a = 1.46 X 10" S/m, ti = 3.5 x 10" 3 Pa-s) 



(23) 2 s 2,4-Trimethyl-1,3-pentanediol diisobutyrate 
45 (trade name: Kyowanol D) 



(a = 6.24 X 10* S/m, ti = 4.0 X 10' 3 Pa-s) 



50 (26) Propylene glycol ethyl ether acetate 

(trade name: BP-Ethoxypropyl Acetate) 



(o = 3.10 X 10* 8 S/m, ti = 6.0 X 10" 4 Pa-s) 
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(27) 9,10-Epoxy butyl stearate 

(trade name: Sansocizer E-4030) 
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(a = 5.46 x 10" 9 S/m, r\ = 2.0 x 10' 2 Pa s) 



(28) Tetrahydrophthalic acid dioctyl ester 
5 (trade name: Sansocizer DOTP) 



(o - 6.20 X 10" S/m : qz 4 .0x 10' 2 Pa-s) 

r0 (33) 1-Ethoxy-2-acetoxypropane 



(a = 4.41 X 10" 7 S/m, x\ = 4.0 X 10" 4 Pa-s) 

15 (35) Linalyl acetate 

(o - 1.82 x 10* 9 S/m, n = 1.3 X 10" 3 Pa-s) 

20 (36) Dibutyl decanedioate 



25 



(o - 1.40 X 10" 9 S/m, n = 7.0 X 10" 3 Pa-s) 
(39) Dibutyl dodecanedioate (DBDD) 



(a = 5.2 X 10~ 9 S/m, n = 9.3 x 10~ 3 Pa-s) 

S/m n -R s v in-a Do If- ^ ' s) and butyl steara 'e trade name: Exepal BS, a = 3 1 x 10-10 

conductivity an 1^00^0! The LmnL h " ^ 35 ^ e,ec,r °- sensitive movable fluids, as far as the 
composJn w^J^ *~ * - temperature of the ink 

50 l ™22i:^::rz g ink composition for use in the a * *«*- « h . he 

STiJSSr 9enera " y inC ' Ude ^ Pi9mentS> ^ " inVen,i ° n ' COnVenti ° nal dyes and -e 

ss fnTgold c^^^^^TSS! 9 - 88 H° IOranlS " inVen,i ° n inC,UdS 320 dyes ' anthraquinone dyes, 
[0063] SmmS^^J^T '° n . yeS> ni,f ° dy6S ' qUin3Crine dyes and naphthoquinone dyes. 
Pigments P eP,9men,Sempl ° yab,eaS,heC0,0rantsinth ^ 

[0064] Particular examp.es o, the inorganic pigments include white pigments, such as 2 inc oxide, lithopone and 
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TrhT y T P ' 9men ' S ' SUCh 35 Chr ° mium y ellow ' cadmium V ellow and n^kel titanium yellow red pigments 
such as red iron ox.de, cadmium red and molybdenum orange; blue pigments, such as Prussian blue and uf amahne 
blue, and carbon black. Particular examples of the organic pigments include a ZO pigments Z-k^SEET 

0065 The colorants mentioned above can be used singly or in combination Pigments. 
ESS The content of the colorant in the ink composition can be appropriately determined 
TrIL 1° C ° mpOSition (or use in the inventi °n. additives, such as stabilizer, dispersant, surface active agent 
sept" I nTmHd? ^f™^ propert V ad J usti " 9 ^ent, ink fixation improver, volatility adjusting agent an ' 

^^■^ST 0 ^ a9en1, co,or ,one adjus,in9 a9ent and 9loss adius,in9 a9ent ' can be 9eneral * added 

3 nZ ! fh , . , ! ben2 ,° phenone derivatives, such as 2,2'-dihydroxy-4-methoxybenzophenone. benzotriazole denv- 
mnl; SU c bSt ' tUted acr y |o ""n'e derivatives, aromatic ester derivatives and triazine derivatives 

KL Jr amP S °' hi9h - mo,ecular dispersants and the surface active agents employable herein include anionic 
ch^ 

such as tertiary amine salt, quaternary ammonium salt, tertiary sulfonium salt and alkylpyridinium salt and nonionic 
surface active agents, such as polyhydric alcohol derivatives nonionic 

[Sh , addmV !f be 3dded in am ° UntS n °' detrim ental to the properties of the ink composition In general 
fMda^ 

moIaL fluid' TuTr | eC ° rd t 9 C ° mpOSition for use in the invenIion «n be prepared by mixing the electro-sensitive 
movable fluid, the colorant (dyes or pigments), and if necessary, additives 

fS , ln P , feSent inVen,i ° n ' thG ' nk com P° sition can be jetted from the ink jet means utilizing such properties of 
00731 F°rr S "' Ve , m0 : ab ' e ,h3t 3 i6t f ' OW °» the ,IUid iS Pr ° duced wnen a ^ * apptiec !to theS 

s usei a s L I'S 3 ' T 3 ? " !° ^ jettin9 Prindp ' eS °' the ink In Fig. 1 , a needle electrode 

s used as the electrode, and .n Fig. 2, a hnear electrode is used as the electrode 

e o p«as A ,L Sh a °nd n J n "ft! ^ ^ 14 C ° nSiStin9 ° f 3 SUbstra,e 10 made of an insulating materia. 

The no 2^,1 ■ 0nd " C T, m T 12 (e 9 " 9 ° ,d ' Si ' Ver ° f C ° Pper) 3dhesion bonded to the s ^strate is prepared 
The nozzle base 14 .s provided with a through-hole 15. The through-hole 15 shown in Fig. 1 and Fig 2 is in the form 

sde Trthrou^h 0 . 3 ^' * *** ? ^ " ^ <° P diamettJ (^-tefon the^met M2 

fhfi J hroU9h - h ° ,e o 1 5 ' S connecte d to a through-hole of a nozzle-like electrode 16 (ink jet electrode) provided on 
the conducive metal 1 2. The diameter of the through-hole of the nozz.e-like electrode 16 is equal to 2 Cdiamete" 
qu de o thP i f C0mcal , ,hr0 f U9h - h0,e - The nozzle - |ike e'ectrode 16 serves not only as an electrode but also as a je 
guide o the ink composition from the through-hole 15. An additional ink jet guide means may be provided at the uppe 

?0075 IZ f TT 1 6 10 COntr °' diS,anC6 ' dir6Cti0n ' diffUSi0n ' e,C ' of the i etted «"■< compo "ion 

[0075] In the vicn.ty of the bottom of the through-hole 15, a source electrode is arranged As the source electrode 

;2; ; e^odl 7 TT^r* 1 ■ and 3 ,inear e,ectrode 1 8 is arran9ed in ^ 2 a * - 2SS 

with th. be ' 0W 10 de,aN ' bUt ,0f eXample " 3 linear elec,rode ma V *e Prided concentrically 
with the ,nk ,et electrode so that the bottom end of the ink jet electrode is surrounded wtth the linear electrode c a 
networ ^ectrode formed of plural linear electrodes may be provided in such a manner that the bXn end oTthe" k 

Se 7 15 X^^^f^ " 5 TT* SUCh 3 *" ^ ' P ,here ° f ^ en,ers ,he th ™ 9n - 

of hp L ^ f !, 6 ,hrou9h - hole Howeve r, an ununiform electric field can be generated even if the tip 

o he'Zh 8 ^? oe r ot r ,er,hethra 

of the through-hole is arranged on the bottom end side of the through-hole 15 

Sode^ i eTktff? h 7 ° r ,inear f lectrode 18 is connec «^ to a controller 20, and also the nozzle-Hke 
eiectroae 16, i.e., ink jet electrode, is connected to the controller 20 

nozzS ^ITJ I 1 ? T ( °" er 2 °' 3 direct - curren, - vo 't a 9e is applied between the needle electrode 17 and the 
mn™ t ^ 16 ° r b6tWeen the linear elec,rode 18 and ,he nozzle-like electrode 16 

and f a \ ?VTX2*T T/^ 'T StmC,Ure iS arran96d 00 <he liquid ,evel of ,he ink composition. In Fig. 1 

measu^en^ of 2 h Jl m? '??; ned j by 2 °° **" * the HqUid level ° f the ink imposition to facilitate 

measurement of a jet height (H) of the ink composition 

Z^L^r^T !, UC . h 33 3 PU ' Se V °" a9e> 3 rectan9Ular vo 'to9e or a continuous voltage is applied between 

nea°T,lcUode 8 Z the nnt Z T ^T*'*™ prodUC8d h th6 direC,i ° n °' ,he needle eleclrode 1 7 or ^ 
he no!l? , ? nozzle-hke electrode 1 6, and the ink composition is jetted from the tip of the through-hole of 

the nozz.e-.,ke electrode 16. The je, heigh, (H) o, the ink composition is determined according to the apS votge 
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and the type ol the electro-sensitive movable fluid for forming the ink composition, provided that the same nozzle is used 
[0081] Fig. 5 shows a jet height of dibutyl decanedioate (DBD) and a current between electrodes given when the 
voltage applied between the nozzle-like electrode 16 having a through-hole top diameter of 1 5 mm and the needle 
electrode is changed in the range of 0 to 12 kV. " 
s [0082] In case of DBD mentioned above, jetting of DBD is observed at an applied voltage of 3 35 kV or higher. When 

the voltage exceeds about 6 kV, the jet height of DBD increases in proportion of the applied voltage and for example 
a. an applied voltage o( 12 kV the jet hejght {H) reachej . 5Q mm Jhe (|) ^ ^ ^ ^ ^ ^ 

and the electrical energy required for jetting the ink composition is very low. Though the ink jet electrode is explained 
herein by exemplifying the nozzle-like electrode, the ink jet electrode is not limited to an electrode in the cylindrical 
shape such as a nozzle, and as a matter of course, ink jet electrodes of variously modified shapes, e g ink jet electrode 
consisting of two flat plates facing each other, are available. 

[0083] The method of using the ink composition according to the invention is a method wherein the ink composition 
comprising the electro-sensitive movable fluid (e.g., DBD) and the colorant dissolved or dispersed in the fluid is jetted 
from the ink jet means utilizing such properties of the electro-sensitive movable fluid that a jet flow of the fluid is produced 
is by application of a voltage. K 

[0084] The voltage applied between the electrodes is a direct-current-voltage producing a potential difference of 
usually 50 V to 30 kV, preferably 1 00 V to 1 5 kV. There is no specific limitation on the magnitude of the applied voltage 
In case of a potential difference of. for example, 10 kV. it is possible to apply a voltage of + 5 kV to the positive electrode 
and to apply a voltage of -5 kV to the negative electrode. There is no specific limitation also on the type of the applied 
voltage, and any of a pulse voltage, a rectangular voltage and a continuous voltage is available The jet quantity of the 
ink composition can be controlled by the applied voltage and the voltage application time 

[0085] In the method of the invention, it is possible to set the needle electrode 17 (or the linear electrode 18) as a 
positive electrode and the ink jet electrode as a negative electrode, or to set the needle electrode 17 (or the linear 
electrode 18) as a negative electrode and the ink jet electrode as a positive electrode 

[0086] As is apparent from Fig. 5. the current given by application of a voltage is very small. Therefore, heat generation 
of the ink jet means associated with jetting of the ink composition is not usually observed 

[k° 87] k T l he u recordin 9 a PParatus of the invention is a recording apparatus including an ink jet means having a hole 
through which an mk-jet recording ink composition comprising an electro-sensitive movable fluid and a colorant dis- 
solved or dispersed m the fluid is jetted correspondingly to the printing signals (i.e., applied voltage); wherein the ink- 
jet means comprises one or plural ink jet electrodes and one or plural source electrodes which are provided in the 
v.c.n.ty of bottom ends of the ink jet electrodes and are electrically insulated from the ink jet electrodes and a jet flow 
of the ink composition is produced by applying a voltage between the ink jet electrodes and the source electrodes and 
thereby the ink composition can be jetted from tips of the ink jet electrodes. 

[0088] Fig. 3 schematically shows an embodiment of the recording apparatus of the invention. In the embodiment 
shown in Fig. 3, nozzle-like electrodes are used as the ink jet electrodes. 

EP? 9 L Referrin 9 t0 R 9- 3 ' P lura l nozzle-like electrodes 31 are provided as the ink jet electrodes in an ink jet means 
50. In the ink jet means 50, plural source electrodes 37 are arranged correspondingly to the plural nozzle-like electrodes 
31 . In Fig. 3, the source electrodes 37 are each a needle electrode. The nozzle-like electrode 31 (ink jet electrode) is 
provided wrth a through-hole, and this through-hole is generally connected to a tapered through-hole 35 provided in 
an msulafng substrate 30 and in a conductive metallic foil 32 placed on the substrate 30, whereby an ink composition 
oy can be jetted out. 

[0090] The jet direction of the ink composition 39 is determined by the nozzle-like electrode 31 . A voltage is applied 
to the ink composition, and the applied voltage can be controlled by. for example, a personal computer 40 or a control 
means 41 . 

S? 11 J" recording apparatus wherein the ink jet electrodes 31 are negative electrodes and the source electrodes 
37 (needle electrode) are positive electrodes as shown in Fig. 3. if a voltage is applied to the specific source electrodes 

tne Ink composition 39 can be selectively jetted from only the corresponding specific nozzles 
[0092] The quantity of electricity required for jetting the ink composition is extremely small, and besides heat gener- 
ation of the ink jet means does not take place even if a voltage is applied. In the recording apparatus, therefore a large 
number of nozzles (ink jet electrodes) can be arranged in parallel to a roll 45 and in conformity with a width of a printing 
matenal (pr.nt.ng medium) 46 such as paper, and therefore, the nozzles do not need to be moved. Accordingly, the 
quantity of electr.cty for driving the recording apparatus of the invention is markedly smaller than that of the conventional 
ink jet printers, and the recording apparatus of the invention is noiseless because of few driving means Further high- 
speed printing is feasible because the nozzles do not need to be moved. 

[0093] In the recording apparatus of the invention, moreover, a large number of nozzles can be arranged not only 
in the crosswise direction as described above but also in the lengthwise direction to perform simultaneous multicolor 
printing. 

[0094] By the use of the ink-jet recording ink composition and by the arrangement of a large number of nozzles, a 



35 



40 



45 



50 



55 



EP0 911 164 A2 



w 



15 



20 



25 



30 



35 



40 



45 



50 



55 



^n , hn , r Vin9 T driVi ^ meanS f ° r mOVh9 the n ° ZZleS C3n be manu(a ctured. In the recording apparatus of the inven- 
tion, however, the nozzles may be moved to perform printing 

i 0 oS t io T n h n, 7 T" 9 ! PPara,US ° f inVenti ° n h3S 3 fUnCti0n ° f jettin 9 the ink imposition from the nozzle upon 
^rtTall* 96 K tW6en inki6t e ' eC,r0de 3nd the SOUfCe elec,rode as described above - and therefore the 
nnoS 9 c PP be Van0USly m0dified as far as the ^Paratus has such a function 

SoS ! Spe c ° ial ' y ' the Shapes of ,he nozzle ' the ink i et electr ode and the source electrode can be variously modified 
mnS 5?' SC , hematlcal| y shows a multi-step electrode which is another embodiment of the ink jet electrode 

I rnnL J mU St f P e l eCtr ° de Sh0W " in Rg - 6 COnsis,s of a c y |inder and P lural "nit electrodes which are made of 
a conductive material and disposed in the cylinder. The unit electrode has a hollow cylindrical body made of for ex- 

Mnnert Jd t^th^. i h °^ 3S 30 ' nk f '° W p3th ' At the tip °' the c y |indrical boo Y' a protrusion electrically 

! ! y ? a ' b0dy ' S PfOVided - P,Ural Unit elec,rodes havin 9 structure are disposed in series in the 
cylinder made of an insulating material in such a manner that each protrusion points to the nozzle opening (i e down- 

e Srode LT, 3 k ' f ,' t ° W) ' 3 VOlt39e iS 3PPlied in SUCh 3 manner that the units °< the multi-step 

electrode are of high voltage and low voltage alternately, the ink composition of the invention moves toward the nozzle 

opening at he first unit electrode, that is. a jet flow of the ink composition is produced. This jet flow is accelerated at 

he next .unit electrode. Thus, the jet flow is successively accelerated and finally comes out from the nozzle. For example 

andT ? eleC f tr ^t N h3Vin9 '° Ur elec,rodes is arran 9 ed at an a "9^ <* W «° »» liquid level of the ink composition 
and .f a voltage of 12 kV .s apphed, the jet distance of the ink composition reaches 200 mm. In case of 15 kV the jet 
distance reaches 300 mm. By the arrangement of plural unit electrodes, an ununiform electric field favorable for pro- 
ducing a jet flow of the ink composition can be generated. 

[0099] The shape of the unit electrode is not limited to the cylindrical one mentioned above, and the unit electrode 

oZ *Z V ZT T S T h 3 Sh3Pe ° f SqU3re f ' 3t Pl3te 3nd 3 Shape of circular P' ate each of which ha * an ink flow 
Sn!?H , ° f t l hereabout - Also ' the P rotrusion ma V "ave various shapes such as a needle shape, a multi-needle 
shape and a linear shape. 

[0100] In the recording apparatus of the invention, plural ink jet electrodes can be so arranged that they together 

?ZZl ' a 35 T in 7 - ' n Fi9 ' 7(A) ' fOUf ink iet eleC,rodeS are arran 9 ed correspondingly to the needle 
electrodes. A voltage can be applied to the ink jet electrodes independently, and one ink do. can be printed by these 
four ink jet electrodes. The ink jet electrode may be in the shape of a flat plate, as shown in Fig. 7(B). As shown in Fig 
7(C), the source electrode corresponding to the ink jet electrode may consist of plural needles. The source electrode 
may be a point electrode or a conical electrode manufactured by utilizing printed wiring technique 
0101] in the recording apparatus, the ink jet means comprises the source electrode (needle electrode) and the ink 
lllrl ? composition is pushed (jetted) out from the tip of the ink jet electrode by means of the needle 

electrode and the ink jet electrode. In the recording apparatus, an ink attraction electrode may be further provided to 
et the ink composition more efficiently. If the ink attraction electrode is provided to attract the ink composition jetted 
m noi c Je o l , electrode ' the ink composition can be fed to the recording material more finely and more stably. 
[0102] Fig. 8(a) schematically shows a recording system using the ink attraction electrode. Referring to Fiq 8 nu- 
meral 71 designates an inkattraction electrode, numeral 73 designates an ink jet electrode, and numeral 75 designates 
a needle electrode serving as a source electrode. 

[0103] m Fig. 8(a), an ink composition 77 comprising the electro-sensitive movable fluid and the colorant is filled in 
ir.r Til l l '"^P 03 * 10 " is ,ed to the case 79 from the outside, and no air is present between the needle 
ooTn.rfnth! T, < 1 Jet , eleC,r0de 73 The needle elec <rode 75 is in the shape of a needle, and the tip of the needle 
po nts to the hole of the ,nk jet electrode 73. An ununiform electric field is generated in the ink composition present 
between the needle electrode 75 and the ink jet electrode 73. 

, T , ne | nk at,ra ^ ion strode 71 has only to be designed so as to attract the ink composition jetted from the 
ink jet electrode 73, and the shape of the ink attraction electrode 71 is not specifically limited. However, a plane electrode 
or a linear electrode is preferable. In Fig. 8(a), a plane ink attraction electrode 71 is shown. The ink attraction electrode 
71 is generally arranged on the back surface side of a recording material 81 (paper in Fig 8(a)) on which the ink 
composition jetted from the ink jet electrode 73 impinges. 

7°i 105 ! 7 he / eCOrdin 9 s V s,em usin 9 the needle electrode 75, the ink jet electrode 73 and the ink attraction electrode 
71 includes three types, namely, type A, type B and type C, as shown in Fig 8(a) 

[0106] Voltages applied to the needle electrode 75, the ink jet electrode 73 and the ink attraction electrode 71 are 
represented by symbols S/ s V D and V P , respectively. In the type A, a relation of V s , V P » V D is formed among the 
voltages applied to those electrodes, whereby the ink composition is jetted. That is. the ink jet electrode is grounded 
to make V D be 0 V, and a direct-current plus voltage (V s ) generating such a potential difference between V q and V n 
as .s incapable of jetting the ink composition is applied to the needle electrode. For example, when the plus voltage is 

In" hT, 1 T a " y +3 kV l ° +S kV ' Pre ' erably +4 kV ,0 +5 kV ' ,he ink composit-on is no. jetted from the ink jet 
electrode 73. In this state, if the voltage applied to the ink attraclion electrode is changed from 0 V (GND) to +4 kV or 
+5 kV, .he ink composition is jetted from the ink jet electrode 73 toward the ink attraction electrode 71 In this recording 
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system, the voltage V s applied to the needle electrode and the voltage V D applied to the ink jet electrode are keot 
constant, and only the voltage V P applied to the ink attraction electrode is changed, whereby a relation of V. V » 
V D is formed among the voltages applied to the three electrodes. The ink composition thus jetted impinges on a re 

s re°coZr ten PaPe0 P ' aCed be,Ween e ' eC,r0de 73 attraCti ° n e ' eCtr0de 7 ' ,0 perfo ™ 

ih^J?^ ,yP t B T d J 6 ^ C ' 3 rela,i ° n °' Vs> Vp « V ° is f ° rmed amon 9 lhe voltages applied to the above 
Tnll Z „ k : " ^ Com P° sition is i etted - 'n the type C. for example, a direct^urrent minus voltage (V s ) 
th 2 7 < L P T 31 d " ferenCe b6tWeen Vs aPd Vd 35 iS inca P ab,e of i et,in 9 the ink composition is applied to 
w n J v ! eXamP ' e - Wh6n ,he minUS V ° Uage is in ,he ran 9 e of usual 'V -3 kV to -6 kV. preferably -4 kV 

to -5 kV, the ink composition is not jetted from the ink jet electrode 73. In this state, if the voltage applied to Hie ink 

73 tow a °rdt T, ^ ° V (GND) l ° W ° f ' 5 kV ' ,he ink COmposition is ^ '-mtheink et electee 
Z voZnl v ? 3 h° J*** 71 • ' n ,hiS reC ° rding SyS,em " the VOl,a9e V * a PP ,ied to the needle electrode and 

the voltage V D apphed to the .nk jet electrode are kept constant, andonly the voltage V P applied to the ink attraction 

- The inlfcrT ^f^ 6 ^ a relation * V s- V P « V D is formed among the voltages allied to the three electTodes 
ink P °f TT^ 1 iS reC8iVed by thS reCOrding ma,erial P |aced be,ween the ink jet electrode 73 and the 
0 V h V ,0 Perf0fm reCOrdin9 ' ' n the type B " ,he vol,age V s a PP' ied to the needle electrode is set to 

1 .h d ' i reCt - C y rrent plus vollaae is a PP |ied between the needle electrode and the ink jet electrode For 

£^7£ h f 1 P ^ 9e 15 in ran9e ° f USUa " y +3 kV l ° +6 kV - P re,erab| y +4 kV to +5 kV, the ink composition 

20 * ° J ! lu ™ ?w ' )6t el6Ctr0de 73 " ' n thiS St3,e ' B the V °' tage a PP ,ied to the ink att ^tion electrode is changed 

LZrll ,k ,0 ° V , (GND) ' COmP ° Si,i0n " jet,ed fr ° m the ink i et electr °de 73 toward the ink attraction 

thP inf t , , !? 9 SySt6m ' the VOUage Vs applied l ° ,he needle electrode and the voltage V D applied to 

wit Ph f° t , w 8 w 6Pt C ° nSlant ' and ° n ' y the V °' tage V » a PP' ied l ° the ink a,,rac tion electrode is changed 

thus tl, 1 S ' l P " V ° " f ° rmed am ° ng the V0 ' tageS applied to ,he three electra des. The ink compositS 

thus jetted is received by the recording material placed between the ink jet electrode 73 and the ink attraction electrode 
* b 71 to preform recording. 

wi°n 8 l ° f , ! U l h 3 V ° Uage ° hange ' SWitching can be carried out for an extreme| y short period of time even 

when a conventional high-voltage circuit such as Cockcroft Walton circuit is used 

[0109] As shown in Fig. 8(b), a flow resistance member 76 may be provided at the hole portion of the ink jet electrode 

30 InniI a T 'I 3 ' 3 memb6r 76 n °' ° nly preven,s ,he ink composition, which has been energized by pressure 
application or the like, from leaking from the tip of the ink jet electrode but also removes dust or the like contained in 
the ink composition 77 to inhibit clogging of the nozzle. Besides, the flow resistance member 76 prevents drying of the 

' k i t ° mP ° S K° n , '!° W reSistance member 76 is P^erably a filter-like one. Control of the flow rate of the ink com- 
position can be also effected by the flow resistance member 76 

35 Ehln th °h Wi , n9 !°,! he f !° W resis,ance member 76 ^ the diameter of a pillar of the jetted ink composition becomes small 
When the hole of the ink jet electrode is sufficiently small, enough resistance can be obtained even if the flow resistance 
member >s not espec.ally provided. The feed rate of the ink composition 77 jetted from the ink case 79 is restricted by 
he resistance, and the pillar of the ink composition is attracted by the external ink attraction electrode 71 Therefore 
the Pillar of the ink composition naturally becomes fine (slender). Though the pillar of the ink composition is fine it can 

40 Z \T If f ° f i6t aCti ° n 3nd ,he aUraCti0n aCti0n That is ' ' e,tin 9 of a fine P illar o f the ink.composition can 
be favorably earned out. By virtue of the fine pillar of the ink composition, a minute ink line can be drawn on the recording 
material. Therefore, the present invention is suitable for precise recording. 
[0111] Fig. 8(c) shows another embodiment of the on-demand type ink jet head 

\^ 2] a , B ? th9Change of ,he vol,a 9 es v s. V 0 and V P applied to the electrodes of the ink-jet recording system shown 
in Fig. 8(c), on-demand recording can be realized. 

45 f 01 ?, 1 u ef ! r , nng '° Fig 8(C)l in the type A ' ,he vol,age v s aPP'ied to the needle electrode 75 is changed from a low 
level to a high level to obtain a relation of V s , V P » V D for jetting the ink composition. For example, in the type A shown 
in Fig. 8(c), V s is changed from GND to V H , whereby the ink composition is jetted 

[0114] In the type B. the voltage Vs is changed from a high level to a low level to obtain a relation of V- V P « V n 

so romSiOTte^U^^' 0 "' eXamP ' e ' ^ ^ Ch3n9ed ,r ° m Vh '° GND 35 Sh ° Wn Fi9 8(C) ' Wh6reby ' he ink 
[01 15] In the type C, the voltage V s is changed from a high level to a low level to obtain a relation of Vo V P « V n 
for jetting the ink composition. For example, V s is changed from GND to -V H as shown in Fig. 8(c), whereby the ink 
composition is jetted. 

[01 16] Referring to Fig. 8(d), in the type A, the voltage V 0 applied to the ink jet electrode 73 is changed from a high 

" IT? o^,' eVel t0 ° btain 3 relati ° n °' Vs ' Vp ^ V ° f0r ietting the ink imposition. For example, in the type A shown 
m Mg. 8(d), V D is changed from V H to GND, whereby the ink composition is jetted. 

[0117] In the type B, the voltage V D is changed from a low level to a high level to obtain a relation of V. V P « Vn 
for jotting the ink composition. For example, V 0 is changed from GND to V H as shown in Fig. 8(d), whereby the ink 
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composition is jetted. 



:^m:z:^, teve "° a "*r 10 — * ^ - * « vo 

composirton is law P 1 V ° IS * anged " om ' V H » <=ND as shorn, in Fig. 8(d). whereby the ink 

composition is jetted P ' p 8 C " a " 9ed " om '° GND as shown in Fig. 8(e). whe?eby the ink 

composition is jetted. P " """^ '"^ . V H as shown in Fig. 8(e), whe'eby the ink 

KypTT thTv^relTol^r 'f ? "* C ° mP0Si,fc " ™" be fo ' mad aa in Fig. 9. Fo, exampte 

the high voltage V„ by av That is each Tv^h ,5 h $ T ° ' he "<**"" elecl,ode 75 ls sel towe ' 
to let the ink oLpSj^ ^SSc^tv^ ^T^V 9 ™ '° " °' V * V " > V ° 

>>Vo<o rl „g,he™^ 

to M r,:r,L 8 rc rsrsr* v > < v ° is " si ^ - - ■ — > - * * « 

fy°p. 2 A. v ?, a ;°; a ,he :°" a9Cs applled ,o iha 15 ■« ■■»■« - •» 

besetted. Then, &2Z2^v~£Ci^£»*r~ I* * cootes hear 

and (he ink composition is jetted Iron, tee hkiet elected 73 tK"? , °™ eda ™"9 lhe =PP«^volla9e S . 
than the V„ value, and is to example ^IZ JuLT^f Z . ^ m ° needs <**> 10 be coosiderably smaller 
101.2kV. pleUSUa " vab,:,u " /51c> " 3 ° l »"V„yalus.Specinoally.lhepVyalgeisabp u n kV 

[01 26) ,n Ihe ,ype B. ,h. allied ,o,,ages help,, and dtrnno (suing ol ,he ink composite are as tottows 



Before jetting 
[0127] 



V p = GND + AV 



V D=V H 



V s = GND + AV 

During jetting 
[0128] 

V p = GND + AV (unchanged) 

V D = V H + AV 

V s = GND + AV (unchanged) 
[01 29] As described above. V P and V s are beforehand se, higher than GND by AV, and in order to jet the 



inK com- 
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o°V ,i0 V « v S ? "T th u Pr6SCribed aPP ' ied V ° ,tage V h b * AV - where by V S , V P and V D satisfy the condition 
,; s ffl Vp , <<V D f onett.ng the ink compos.t,on, and the ink composition can be jetted 

state the ^1^? 3 re ' ati ° n ? » * V ° ^ the V °' ,a9eS apP ' ied ,0 the e,ectrodes is first fo ™ d In this 
s Thin V is increa^H h^A v ? ' \< ' f ^ "* j6t e,ectrode 73 ^ *• ** composition comes near being jetted 
' nC T! , y S 3 r6SUlt ' 3 re ' a,i0n ° f V s- V p « V d ^ formed among the applied voltages and th- ink 
0131? IT ' 'T ^ j6t e ' eCtr0de ?a The mea ™9 °< * V « 'he same as described above, 
type B is chLng^r COmP ° Siti ° n " * »*" *" ^ 38 h the tyP * B *™» V h *e 

ro fn!™ ^.t AV K a,Ue ^ T abS °' Ute ValU6, and iS USUa "y 0 8 kV to 1 5 kV - P referabl V 1 kV to 1 .2 kV. 
" E J a , h ° Ve IT 6 ' jeUin9 ° f the ink com P° si,ion can be controlled by controlling a voltage AV of low level 

of AV Z h foood COmP T° h Sit : 0n ^ C ° me near bein9 ieUed ' ,he ink COmp ° sition can be ^ d a slight Change 
mi ™ t! 90od / esponse - Thal IS ' a ^ording to this method, the response time can be shortened 

n tht nroc r described above is a method »° jet the ink composition correspondingly to the printing signals 

- ow e b ?a£Z n 9 H C3 ? e COntr0 " ed ^ C ° n,inU0USly jeMin9 * he ink C ° mpOS ^ and cnan ^ K 

now (i.e., by allowing a pillar of the ink composition to reach the recording material such as paper), or by blocking the 

St Jm?"' 8 ^ ^ ink ^ om P° sition is strolled by a gate electrode. As shown in Fig. 10, a voltage is constantly 
TZT , ^ eCtr0d9 " iSt 6leCtr0de 8nd the ink attraction electrade to continuously form a pillar o7 the 
20 ni 3 T P ? S h l,IOn : Wh ' le 3 VOl,a9e Pfintin9 ( prin,in 9 siQf1al > is a PP"* d to the gate electrode 99(a) 

the in k attrac io^T'T 7, t ^ l ° ^ 3 Pi " ar °' th6 in *e Section of the ink jet electrode 73 

e°ec."de 7 8 It \ ? T? 8 * ^ ne8dte e ' eC,r ° de ?5 ' ,he ink jet elec,rode 73 and *» ink Oration 

electrode 71 Between the ,nk jet electrode 73 and the ink attraction electrode 71 , a baffle 83 is arranged The baffle 

vo "ZT^lT^r r°'^ 8 ocT POSi,i ° n ^ the PiMar °< the ink COmposition Passes through £ when a 
*5 relh the 222 ! i " (3) ^ ^ Pi " ar °' * he ink ^position impinges on the baffle so as not to 

reach the recording materia! 81 when no voltage is applied to the gate electrode 99(a). The ink-passing hole 98 mav 

ink coTo:; t bo ' e b r s ?z n t the r ,e 833 of ng io(a) - ° r may be a s,it as ^ * *» ™ -t5S 

ink composition blocked by the baffle is collected and recycled or discarded 

he baffle SsTs EEf^ !? ™* ^ ^ ° f ^ hk com P osi,io n by continuous jetting impinges on 

oo Ee SSr rt t^^k 1 ^ 3 ' f °" OWed bV C °" eCting thS ^ com P° sition When recording's performed, 

recording mateSsT PaSS6S ^ ^ ^ °' ^ 98 35 indiC3,ed by nUmefal 2 and r " aches the 

[01 38] In the above cases, application of voltage is carried out in three ways, namely, type A: V s . V P » V n type B' 

» X^ocS^ 77°: as previously ~ 3nd the volt3ge 3pplied to - ftS 

^ LiecSdeldlTetri fro^f f " ^ ^ G " 3PP ' ied The Pi " ar ° f ink "W'*" passes through the ink jet 
o^TJZ JT T f P ° Pen ' ng - At thiS * ime ' thG Pi " ar ° f ,he ink cor "P°sition is charged with the same 
V the" oi ar of 1 J 1 " ^ eleCUOde V °' ,a9e V ° iS br0Ught c,ose to the ink i e ' ele ctrode voitage 

oHhe tnk corner C ° mp °: ,,,0n and the 9 ate elec,rode ^pe.s each other owing to the Coulomb force, and the oi.far 

40 ? r composition moves from numeral 1 to numerals 2, 3, as shown in Fig. 1 0. In this instance, the gate electrode 

:^::^TC electrode throu9h a switch (SW,) ' and the 9ate e,ec,rode voi,a9e v ° 

SI? 1 , ^ ^"l 96 iS 3PP ' ied l ° SU ° h 30 a PP aratus as mentioned above to form a pillar of the ink composition the 
P^rstands upnght ,n the SW r off condition as indicated by numeral 1 . Then, if a voltage is applied to the gTeSode 

« c e P o a s,;t S 98 oHhe b^f^r ^ T^k " °* ** ^ ^'^^ by nUm6ra ' 2 paSSeS thtctlr 
8° to Term fdn IT h " by thS 3UraCti ° n eleCtrode 71 and arrives at ,he material 

L 3 Z h « , k .1° 09 ma,er ' 31 81 • The ink com P°s*°n. which has been jetted as indicated by numeral 1 
m 3 1, o re3Ched the reC ° rding ma,erial 81 ' is collec,ed and recycled or discarded 

as YndL/ri TT T 0 ° f a o V °" 39e 10 ,he 93te e ' eCtr0de ' ,he pi " ar (' et line > of ,he ink composition can be changed 

so a nMe |fn? he Ji^it 3 ™ h Sh .° Wn 1 ° Aft6r th6 * M ° ° f ,he ink composition (sometimes referred to as 

bv 3?2^ wt h ' S ? I 35 lndiC3,ed by 1 " 2 " 43 ' ,he ink jet line re,urns to ,he initial P° sit ion as indicated 

Z n^al 2 is forl'ri G ^h' " ^ * thiS r6COrding SyStem ' therefore - ,he ink i et line indicated 

Dy numeral 2 is formed twice, and as a result printing is carried out twice. 

[01 42] Fig. 1 1 shows a modification of the recording system shown in Fig 10 
ss ° I?!, ? V' embodimenl wherein th e gate electrode is located near the ink attraction electrode is shown 
" n Fio i ".SnT^ oodiment the gate electrode 99b and the ink attraction electrode 71 may be combined into one body 

m ^', V hega ' e elec tfode 99b .s connected to the ink attraction electrode 71 through a switch SW, 

vo hoc V oNho'inl'^ a , b ° Ve r 7 n o eC,ion ' ,he differenc e between the voltage V G of the gate electrode 99b and the 
voltage V 0 of the mk ,et electrode 73 (i.e.. voltage of the pillar of the ink composition) becomes large and the -te 
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2lt f b f P h U ! S J he pHlar ° f ,he ink ^position. As a result, the ink jet line is changed as indicated by 
ZTJ* 1 and ,h 2 n 'Ts °" ^ 3PP,y n ° VOlta9e l ° ,he 9316 eleCtrode 99b « ,he ink * line is changS as indeed 
I^d 1 wi^sp?cf^ 
5 IVAtl o 9 1 2 Sh ° WS 3 modification of tn e recording system shown in Fig. 11 

SL.rL «f rnn K l ° FiQ - 12(a)> 3 baff ' e 83 and 3 9a,e electrode 85 are combined int ° ™ body. Though the gate 
Tatt* tfon'ectr^T '? "* * ^ 1 iS Pre,er3ble ,hat ,he 9 a <* tetrode Ss'is connected to an 

SectS 7 fdt? JJ ITS 'or!!" SW3 38 Sh ° Wn Rg - 12 - By ,he COnnec,ion between the ink »i°n 
w k , . o 9 electrode 85, the ink jet line is changed as indicated by 1->2->3. The ink jet line indicated 

g~n^ 

As shlwrfin 'pi "IS"? ^ emb0diment wherein 3 baffle 90 and 9ate electrodes 91 a, 91 b are combined into one body 
roiST In F?ii h a 1' nk , attfaCti0n e,eCtr0de ' b3ffle and ,he ' 9ate eleCtr0de can be combined in '° body 

- funcSn of a gate e,^ 3Ct,0n e ' eCtr0de * **" ^ ,W ° ^ ^ 91 b eaCh ° f ^ iS a "° Wed l ° ha - a 

s turned off Id if = S 1 e ' eCtr0de 913 and St3ndS Upri9ht 35 indica,ed b V numeral 1 ■ Then, if the switch SW 4 

as ndicated bv i Z> Tth T * °" l ° ^ V °' ,39e V « C '° Se l ° the VOl,aae V * lhe ink * «™ » changed 
as indicated by i-»2-»a The mk jet line indicated by numeral 2 passes through a slit 92 to perform printing (recordino) 

2*^i:2 ctrode !n thi V 6COrdin9 SySt6m ' SinCe *• reCordin 9 -terial 81 is arranged o'n theback sld S 
he ink attraction electrode, the mk composition having passed through the slit 92 is not jetted up so high Therefore 

LtS'^aTb 81 Sh ° U,d ^ arran9ed 31 P0Si,i0 " ^ 80 ,ar ,rom ,he b - k °f theink atSon 

25 ppJS Jj 9 t 2 h SboWS ano,her embodiment of the invention. Referring to Fig. 24, an ink case 79 is provided with a 

Ld in me Tk ca L ?i? "nT* ^ " """""^ field iS 96nerated 3n ink compositi - 77 

oa^of ink a t^n ?' , .5* e ™ b ° d,ment ' a baffle 83 havin 9 an ink-passing hole 92, a recording material 81 and a 

let d° IcHo ^ oHhe ink ^ r ?' T e,eC,riC3 " y inSU ' a,ed ^ 63Ch ° ther 3re 3rr3n 9 ed in ,his * the ink 
ill ? ? composition from the tip of the ink jet electrode 73. For example, a switch SW 6 is turned on to 

- jXct^de 73 a= ™: k ,H a,tra ? 0n e,eC,f0de 191a " 3nd 31 ,he S3me ,ime ' 3 ^ nUS VOlIaQe «- a PP'ieo"o d he n ink 
at ra^electrod, 1 0 » h L ' C °T P ° Si,i ° n ?? * ^ ,he tip ° f the ink * et elec,rode 73 toward *e ink 
e ectrode 1 9lT Te "T? ° ^ baff ' e 83 l0C3,ed be,WSen the ink » elec,rode 73 and the ink a » ra ction 
™ Tre^ZteZ! T "* C ° mP ° Siti ° n ^ °" ^ ^ 83 35 by ' 1 3 " d does 

35 , [ h °I!nl .J^r 3 T"? h ? We iS tUmed ° ,f - 3nd 31 the S3me ,ime ' 3 switch SW 7 is tufned on to apply a plus voltage to 
91 b and I!" T f b " thS Pi " 3r ° f ,hS ink C ° mp0Si,i0n is 3ttr3cted b V ^ ink attraction electrode 

he looZTlTJ^T by nUmer3lS 2 ' 3 ' The P ill3r of the ink composition having passed through a slit 92 reaches 
tne recording material 81 to perform printing on the recording material 

me 5 bL T Tn™lT?T' ^ff 1 eleC,r0de ' the ink3,lr3ction elec «rode, and if desired, the gate electrode and 
the baffle are provided as described above, and the recording material 81 is moved relatively to the ink jet electrode 

ml 3 "' y,P9 3 ^H 96 1 0 e3Ch e,eCtr ° de ' WhSreby the ink COmp0sition 77 C3n be ^ onto th s rfa t he SSSJ 
material correspondingly to the applied voltage. recoroing 

^"Loed^Mr 9 3Ppar3tUS . 0, the invention - ° ne or more "ozzles (electrode group) having the above structure 
patterns Cled composi,| o n 77 onto the surface of the recording material 81. and thereby a desired ink 

[0154] Fig 14 shows an embodiment wherein two ink jet openings 101 are arranged side by side When the ink 

ZZ72Z 'T, ,f0m ,hUS 3rranged tW ° ^ je « ° Penin9S 31 ,he S3me the P« lars o« the ink composition 

oo S Lin 1 ' T^T ™ ^ "* **** 0U{ward ,0 f ° rm ink i et lines a ' and °' each of which 

is posmoned on the outer side as compared with the Inkjet line a or b formed when only one ink jet opening is arranged 

The deviation of the ink |et line is presumably caused by the Coulomb force 

L°nof ]J^TZ T°T l deVi3,i0n °' ' he inkjet ' ine in the feCOrdin 9 3 PP ara,us ° { lhe inven,ion . 'he ink composition 
nozz Jfwifh 7? , 3diacen, , nozzles of the "ozzles 101a. 101b, 101c and lOldat the same time but jetted from the 

fwM«nwaiPrth t T^L* ^ ^ ^ h and ^ Jhe devi3,i ° n ° f ,he ink ' et line is caused by the Coulomb 
deviaS h! ^ ?■ , ' 161 ' ineSl 3nd ther6,0re ' 35 ,he diS,3nce be,ween lhe ink ) et ^ becomes wider, the 

n T, r 9eneral ' deVi3ti0n r3rely ,3keS P ' aCe i( the ink composition is no, jetted from the 

f i Fin 1 s mfn Sa ,T " m !' AcCOrdin 9'y- if ,he ink composition is jetted from one nozzle at one time as shown 

on™ th h . deviation of the ink jet line can be inhibited. In order to jet the ink composition from plural nozzles at 

ToZ^l r^t Th" n ,° 2ZleS US6d ,0rieUin9 iS SUf,iCien,,y Widened 33 shown in Fi 9 16 - As a re ^'«. 'he ink 
composition can be jetted from plural nozzles at the same time. In this case, the nozzle distance a. which deviation of 



45 



50 



55 
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m£Z ,e !nR 0 d Ts S S c UbS,antial| y take P |a <* ■ dually 3 to 6 mm. preferably 4 to 5 mm 

the nozzles. That is. th^S^^t "? IT** ,W °- dimensiona "y *> widen the distance between 

and anozz.e VnecompoZS^S^t^ 9 "T' 8 C ° mP ° Sed ° f the no2Zles 101a to 101c 

on one line are . " 1 38 SnOWn " ,he P'an view of Fig. 1 7. In this case, if the nozzles 

nozzles on one line is exoresSn IT ? n ° ZZ ' e$ ° n ,hS n6Xt Hne and if ,he distance between adjacent 
higher resoS ca t^^JZ?!^ ^ ^ beC ° meS ^ 3 " d hence P rin < in 9 of 
be widened, and therefore Sio n InlT^ n a " an * M °« no2z ^ *• *«le distance can 

resolution. 0n °' ,h6 ' nk ,et " ne 030 be reduced even if th * ^cording apparatus has the same 

oHhelet linesof^e ^Zo^^J^ " T * °" * he Periphery ° f P lural nozzles *> Aviation 

nozzles are a™d 3 Mh7 L ' ^ the n ° ZZ ' eS P ° Si,i0ned between ,he dumm V no "les. When the dummy 
nozzts^ 

nozzles positioned tJ^Z^J^Z ,k '° hk * (b) " (C) 3nd < d > ,rom tne 

jet line becomes small* .h dUmmy " ozz es < a ) and (e), as the position of the nozzle comes inner, deviation of the 

H d T y n ° 2Z,eS (3) 3nd SUCh deviation of the ink * as ,s a 
jet line can be manufactur^ l££^J£T? ' "T* 9 aPP3r3,US subs,an,ial| y < ree «™ deviation of ink 
nozzles are usTfuttot ho h J ?L J * T 9 '" 9 dUmmy e ' eC,r ° deS ° n the P eri P her V of P |ura ' nozzles. The dummy 
roi sm The mlmS , one-d,mens,onal nozzle arrangement and two-dimensional nozzle arrangement 

Sn caitss ,nNet recordins ink composition and the ^ — * -sss*. 
s «o^°rei e «rra e n lassrr: exemp,i,yin9 a need,e eiec,rode ' the eiectrade ■ - 

electrode, an ununiform e le^c Stn the in "? ^ ' S aVa " ab ' e 35 38 1 C3n '° rm - t0 9 ether with tne ink i« 
as shown in Fin ! ! composition containing the electro-sensitive movable fluid For examo « 

etc. of the flat plate elecTrod Tcan T " P 3,6 SOUrCe e ' eCtf0de 1 74 The sha P e ' are - 
electrode and L^^^^l^ h 7"° US * lectrodes such as dot electrode, linear e.ectrode. plane 

can be made smaJI A foit a Kno awi h ! '"^ e ' eC,r0de8 ' ,he 8iZe ° f the ink case 1 79 ° f the wording apparatus 
printed e ^iXZ^Tc T * * ^ by ^ * 

Specifically, a through-hole havina ata^t?^ T m3nUfaClured * utilizin 9 P*** Wring technique. 

of the kXlectS A r,h COmP p° SI o° n 17? ' 3nd * hereby the ink COm P° Sition 177 be i«ed from the t o 
an inkie elect 21^73 JL , 9 21 " ' e ' eCtr ° de 181 may be arra n 9 ed in an ink case 179 havin^ 

trode, as shown in Fig 22 That i anZ Z " I r ink 1 ~ mpOSI,,0n can be j et,ed w "hout providing any source elec- 
controllino iettinn ^ L L ?• composit.on 177 ,s energized (for example, continuously pressurized) with 

memb Z ^ W h er "by ToTc^LZlZ ^ ^ °' " ^ ^ 173 by means °' a «"» ^« 

between the source S^l^,!!^ composrtbn comes near being jetted by application of a voltage 
changed, and as a resul me fnk o^™ Jt iomed Then - ,he P°^ntia« of the ink attraction electrode is 

providing a^^^^^Tl^ I*"** 6Ven " no source elec,rod e is provided. Also in case of 

source -iecl^^iS Z ZSl T Sim " ar ' y '° ^ ^ by 3PP ' yin9 3 '° W VO,ta 9 e ,0 ,he 
[0161] m order to effideSv S, ll ^ V v " 9 ^ S ° UrCe e ' eC,r0de '° have no ,unc,ion as an e.ectrode. 
invent on, nZZter^^Z^T 1 ^ "I * ^ ^ ^ feC ° rdin9 3ppara,US accordin 9 t0 the 
is applied to the Tk 7et elec^ ^ 9 96 '° 8 ° UrCe e ' eC,r ° de and the ink a,,rac,ion eleclrode . a voltaoe 

Lt t a ^"Tl^S-^r^ aS - iS inCaP3ble °' jeUin9 the ink COmp ° 8ition in ,he direction oi 
to printing signals ma V be aooTJd 1 1 T ? S ° UrCe eleC ' r ° deS 3nd * he ink jet electrodes " a volla 9 e corresponding 
attraction el ™* TsJ^X* si f °" e ' eC,r0de '° j6 ' the ink C ™P™«™ h the direction of the ink 
ink attract* ^^^2 ^ ' S aP3b ' e ° f ieUin9 ,he ink com P° siti ° n * the direction of the 
to printing signals Tav b aootL to , h T S ° UrC6 ^ j6 ' e ' eC,r0deS ' 3 VOlla 9 e ^responding 

attraction ^eStrode e ' eC,r0de l ° ie ' ' he ink ^Position in the direction of the ink 

can"! aon™^, °h T ^ T^" 9 aCCOrdin 9 t0 lhe >™«™. 'hough the shape of each electron 

be appropriately determ.ned, „ is preferable thai the ratio between the inner dfameter of the tip o, thl ink t 
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electrode and the outer diameter thereof is in the range of 1:1.00 to 1:3.00. In such an ink jet electrode the ratio 
between the outer diameter of the tip of the ink je, e.ectrode and the length of a flow path in the ink jet elecTrod Uenc h 

1 20 P f„ h Pr ° V J , '■ T el6Ctr0de thrOU9h *** thS ink COm P° si,ion ,lows > is P re,erab| y the range o? 3 to 

s mfJ tJ ' 6 ' S f ° rmed 35 d6SCribed above ' the ink composition can be more efficiently jetted 

lh on L u G \ preSen V nVenli ° n is described hereinbefore with reference to the embodiments wherein the ink compo- 
*T*^T a9 , a ' nSt 9raVity - H ° WeVer ' 3 reCOfdin9 apparatUS Wherein ,he ink com P<*ition is jetted in the 

SS2?*7T ' T' atera,,y) ° f ,he VertiCa ' direC,i ° n (i ••- downward > ca " be also manufactured. Though an em 

ITnZ T T ' ° '° rmed in 3 ' inear ,0fm iS ° n 'y deSCribed b -einbe,ore, the ink jet electrodes mTy 

be in the other form, such as a bent-in-right-angle form V 

W Z 6g! Th? er ",K S Sh ° W ? ^ Rg 25 ' reC ° rding aPpara,US ° f the inventi0n con,ain the foll °win9 ink jet means 
[0166 That .s, the ink jet means comprises one or plural ink jet electrodes for jetting the ink composition and at least 

ZcZ « ',H T™ e,eCtr ° deS WWCh ^ eleCtriCa " y inSU ' a,ed f r ° m the ink i et electrodes -S arranged in me je 
t etr.roH^ °Z7 OS T n - and 31 ' eaSt ° ne ,hrou 9 h - hole trough w hich the ink composition jetted from the ink 
is ™ ? T , a,traCti ° n eleC,r ° deS paSS6S may be provided ,0 the ink "ion electrodes The ink 
soZ n ? 15 f 10 T S ,hrOU9h throu 9 h -h°'e of the ink attraction electrodes to reach a recording material 
are nt^N 9 " P e ^™ ed corre sP°ndinly to Printing signals. In the above recording apparatus the ink jet electrodes 

me ^co^nJr °, n H Wa " ° f b ° UOm °' ink ' keeping Unit d ' Sposed in the ink * et ™ans 'his case 

he ink composition is jetted in a horizontal or downward direction from the ink jet electrodes. In the above system of 

20 oVwT 9 appara ' US ' no source Strode is "eeded as a liquid pressure is produced. In general, the voltage of 

,S r ,k° \ mk a,traCti ° n e ' eCtr0deS ' 3nd the VOl,a 9 e at nozzle electrode turns 1 0V When jet. ng the 
n composition the voltage of + 1 .4 kV is applied to the nozzle electrodes, so that the ink composition may be jetted 

, a I^ t S?n ° CCUrnn9 , betW 1 ! en S ° UrCe e ' eC,r0de 3nd ,he ink iet elec,rode - name| y. ** J* action, can be 
a ZrauTc D llTZ^T " * eX,erna " y aPP ' yin9 3 PfeSSUre l ° the ' nk com P— the horizontal jet action. 
25 I £5 Z h T 0, ' e ' nk com P° sltlon ^Pending on the position of the nozzle in the ink tank can be utilized as 

source Jec^^T ^ TTf™ ^ * br ° U9hl 3b ° Ut With ° Ut USin9 application of a volta 9e between the 
Z Z ni ™! r ' r ° de ' 35 PreVi ° USly deSCribed " ln detaili ,he i et power is beforehand controlled so 

30 1„„. 1 COmp ° Sltl ° n com es near being jetted from the nozzle tip (and that leakage is prevented), and a voltage is 

elec 1 , W T "£? eCtr ° de ^ 3,,r3Cti0n eleCtr ° de 10 ,6t the ink COm P° si,ion toward ^e ink attraction 

obtWri h" m T • ! S ° UrCe e ' eCtr0de iS unnec essary, and hence high effect in the manufacturing cost is 

~ "it " S 0CCaSi0na " y UnSUUab,e f ° f 3 SySt6m Where ' n - hk * ~ ~ J— V 

35 !orc! 9 livp A n S h a u ma,,er ° f C ° Ur ! e " ° f S ° UrCe e ' eC,r0de 3nd USe ° f 9rav "y 0( the ink composition itself or external 
ZIZZ lln ^TT 9 , t3nk ^ be C ° mbined t0 brmg 3b0Ul ,he ink '' et action ln ,his combination type, 

me 22?! PP l V I™™ eleC,r ° de C3n be r6dUCed corf espondingly to the external force used, and besides 

o Te sol™ IT h 63 K°f' 8 be COn,r0 " ed by 3djUS,in9 lhe SOUfCe electrode As a re sult, the voltage applied 
to the source electrode can be lowered, and the switching control can be easily made. 

40 EFFECT OF THE INVENTION 

fl!w 0 IhiJ h he J nk " ie L reC ? rdin9 , ink COmposition employable in the invention comprises an electro-sensitive movable 
he fluid Th T P C ' n9 3 je ' f '° W UP ° n 3PP ' iC3ti0n ° f 3 V0ita9e ' and a coloran ' diss ^ed or dispersed in 

« nvennon TjlrlTT^tT ^j"* ^ 3 n ° 22 ' e by 3PP ' yin9 3 V °' ,a9e l ° ,he composition. In the present 
71 1 S T 9 °' ' nk COmposition as in the bubb.e je. system is unnecessary, and consumption of 

high electric power as in the ink jet system using piezo element is unnecessary 

Th l' nk , C .° mpOSition for use in ^e invention utilizes such properties of the electro-sensitive movable fluid that 
a jet flow of the fluid ,s produced upon application of a voltage to the fluid. The ink composition generates no heat even 

so Tn7? 96 ! SaP ? ed ' and eleCtriC3 ' 6nergy required f0r ieUin9 the 'nkcomposition is extremely small. Therefore 
a nir COmp ° si,ion has the ,ollowin 9 advantages. A large number of nozzles can be arranged because 

a pump chamber ,s unnecessary. Differently from the conventional ink je. printers, the nozzles do not need to be moved 
and dnving means for moving the nozzles is unnecessary. Therefore, a high-speed and low-noise printer can be pro- 
low , hT , n , a T 96 nUmb8r ° f n ° ZZleS 3re 3rran9ed ' the elec,ric power consumed by each nozzle is extremely 

55 L„ 11, ??k ,r ' Cal ener9y Consume d by the whole printer becomes conspicuously small. The recording 

apparatus of the invention can be easily miniaturized because nozzles do not need to be moved 

SI 21 ,. ' he r C K rd Ku? apparalUS ' fur, he'. application of pressure to the ink composition is not always necessary 
differently from the bubb.e jet recording apparatus or the recording apparatus using piezo element. Therefore, no pumo 
chamber needs to be provided, and the structure in the vicinity of .he nozzles become extremely simple so .h£: tpo 
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recording apparatus of the invention is suitable as a large-sized recording apparatus. Moreover, the ink composition 
can be stably supplied for a long period of time because it is unnecessary to connect the apparatus to the ink tank bv 
a capillary tube. J 

[0173] In the method of the invention, the ink composition can be continuously jetted by continuously applying a 
voltage to the electrodes. In the method of the invention, further, digital control of the applied voltage is not always 
necessary. Even when the applied voltage is analogically controlled, the ink composition can be jetted correspondingly 
to the applied voltage, and fine printing is feasible. 

[0174] In the method of the invention, an ink attraction electrode may be provided in addition to the ink jet electrode 
and the source electrode. In this case, the ink composition can be jetted toward the ink attraction electrode by before- 
hand applying a prescribed voltage to the ink jet electrode and to the source electrode and then merely changing the 
voltage applied to the ink attraction electrode. The voltage applied to the ink attraction electrode serves as a voltage 
to control jetting of the ink composition. In the method and the recording apparatus according to the invention a high 
voltage is required as a whole to jet the ink composition. For example; it is difficult to perform instantaneous switching 
at a d.rect-current-voltage of 5 kV order. However, the ink composition can be efficiently jetted by beforehand applyino 
a voltage of such a low level that the ink composition is not jetted to the ink attraction electrode and to the source 
electrode and then applying a relatively low voltage to the ink jet electrode. According to this method, the voltage 
required for switching is relatively low, though the applied voltage is high as a whole. Therefore, a recording apparatus 
having an extremely simple structure and easy controllability can be provided by modifying a commercially available 
switching element. 

EXAMPLE 
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[0175] The present invention is further described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. 

Example 1 



[01 76] A copper foil was adhesion bonded to a phenolic plate having a thickness of 1 .5 mm, and a conductive metal 
having a height of 1.7 mm was fusion bonded to the copper foil, as shown in Fig. 1. The phenolic plate had a tapered 
through-hole (bottom diameter: 3.0 mm, top diameter: 1 .5 mm), and each of the copper foil and the conductive metal 
had a hole (diameter: 1.5 mm) serving as a jet guide and a nozzle-like electrode. In the above bonding, these three 
holes were connected to each other to form a nozzle. 

[0177] Then, a needle electrode (diameter: 0.9 mm) was arranged near the bottom end of the tapered through-hole 
of the phenolic plate in such a manner that the tip of the needle electrode entered the tapered through-hole by 0 6 mm 
and that the needle electrode was not in contact with the phenolic plate. 

[01 78] Separately, 99.97 % by weight of dibutyl decanedioate (DBD) was mixed with 0.03 % by weight of a red dye 
(Kayaset Red D, available from Nippon Kayaku Co., Ltd.) to dissolve the red dye in dibutyl decanedioate. Thus an 
mk-|et recording red ink composition was prepared. The dibutyl decanedioate had a conductivity of 1 40 x 10-9 S/m 
and a viscosity of 7.0 x 10' 3 Pa s at 25 °C. 

[0179] The above-obtained nozzle equipped with an electrode was arranged on the liquid level of the ink-jet recording 
red ink composition at an inclination of 20° to the liquid level of the ink composition. 
[01 80] The needle electrode and the nozzle-like electrode were set as a positive electrode and a negative electrode 
respectively, and a voltage of 6 to 1 2 kV shown in Table 3 was applied between the needle electrode and the nozzle- 
like electrode to measure a jet height of the ink composition comprising dibutyl decanedioate and the red dye The 
4t > current in the ink composition was also measured. 
[0181] The results are set forth in Table 3. 

[0182] In the examples, the viscosity and the conductivity (electrical resistance) of the electro-sensitive movable fluid 
were measured in the following manner by the use of a rheometer (Rheo-Stress RS100, manufactured by HAAKE 
Co.). The compound (electro-sensitive movable fluid) was interposed between two discs (diameter- 3 5 cm) and a 
direct-current-voltage of 2 kV was applied to measure a conductivity (S/m at 2 kV/mm) of the compound Then one 
of the discs was rotated to measure a viscosity of the compound. The temperature in the measurements was 25 °C 
unless otherwise noted. 



Table 3 



Voltage (kV) 


6.0 


7.0 


9.0 


10.5 


12.0 


Jet height (mm) 


7 


15 


27 


37 


48 
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Table 3 (continued) 



Current (u.A) 


4.7 


7.5 


10.0 


14.0 


18.0 I 



s Example 2 



70 



[01 1 83] An ink-jet recording ink composition was prepared in the same manner as in Example 1 , except that dibutyl 
dodecaned,oate having a branched chain (Bu-OCO-(CH 2 ) 5 -CH(Bu)-COO-Bu, abbreviated to "DBDD" hereinafter) was 
used in place of DBD. Then, the jet height and the current were measured in the same manner as in Example 1 except 
that the above-prepared ink composition was used. The DBDD had a conductivity of 5.2 x 10* S/m and a viscosity of 
9.3 x 10-3 Pa s at 25 °C. The results are set forth in Table 4 
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Table 4 



Voltage (kV) 


6.0 


7.0 


9.0 


10.5 


12.0 


Jet height (mm) 


7 


17 


30 


41 


53 


Current (u,A) 


5.0 


8.2 


12.0 


16.0 


19.0 



Example 3 



[01 84] An ink-jet recording ink composition was prepared in the same manner as in Example 1 , except that linalyl 
acetate was used in place of DBD. Then, the jet height and the current were measured in the same manner as in 
bxample 1 .. except that the above-prepared ink composition was used, the diameters of the holes (top diameter of the 
tapered through-hole of the phenolic plate, diameters of the holes of the copper foil and the conductive metal) were 
changed to 0.5 mm, and the applied voltage was changed in the range of 4 and 12 kV. The linalyl acetate had a 
conductivity of 1.82 x 10* S/m and a viscosity of 1.3 X 10-3 Pa . s at 25 <> c The resu| , s afe ^ ^ jn 



Table 5 



Voltage (kV) 


4.0 


6.0 


7.5 


9.0 


10.5 


12.0 


Jet height (mm) 


3 


5 


10 


13 


15 


20 


Current (jam) 


0.7 


2.0 


2.9 


4.5 


6.8 


7.8 



Example 4 



[0185] An ink-jet recording white ink composition was prepared in the same manner as in Example 1 except that 
2.O /0 by weight of a titanium oxide powder as a white pigment was homogeneously dispersed in 98 % by weight of 
DBD. Then, the jet height and the current were measured in the same manner as in Example 1 , except that the above- 
40 prepared ink composition was used. The results are set forth in Table 6. 



Table 6 



Voltage (kV) 


6.0 


7.0 


9.0 


10.5 


12.0 


Jet height (mm) 


6 


12 


25 


40 


49 


Current (u.A) 


5.0 


8.2 


11 


16 


22 
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[01 86] An ink-jet recording blue ink composition was prepared in the same manner as in Example 1 , except that 1 0 
/o by weight of phthalocyanine blue as a blue pigment and 0.04 % by weight of 2,2'<iihydroxy-4-methoxybenzophenone 
were homogeneously dispersed in 98.96 % by weight of DBD. Then, the jet height and the current were measured in 
the same manner as in Example 1 , except that the above-prepared ink composition was used in place of the red ink 
composition. The results are set forth in Table 7. 

Table 7 



Voltage (kV) 


6.0 


7.0 


9.0 


10.5 


12.0 
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Table 7 (continued) 



Jet height (mm) 


5 


10 


19 


35 


42 


Current (fiA) 


6.4 


8.7 


12 


15 


19 



Example 6 



°/ bv weiow 2 J1Z 9 COmp ° si,ion was P re P ared in the ^me manner as in Example 1 . except that 1 .0 

measured in the same t " ^ % * ^ ° f Nnalyl 3Ce,3te - Then ' the * hei 9 ht and * e <*™t were 

Ice of thi rid in, v ' 35 !" EXamP ' e 1 ' 6XCept ' hat the above Wed blue ink composition was used in 

the oheno^ niat h t° S US ' n9 DB °' * e diame,erS °* ,he h °' eS ( t0 P diameter of the ta P ered Ihrough^ole of 
he phenohc p ate. diameters of the holes of the copper foil and the conductive metal) were changed to 0 5 mm and 
the applied voltage was changed in the range of 4 and 12 KV. The results are set forth in Table 8 



Table 8 



Voltage (kV) 


4.0 


6.0 


7.5 


9.0 


10.5 


12.0 


Jet height (mm) 


4 


7 


11 


13 


16 


22 


Current (jim) 


1.0 


2.3 


3.0 


5.5 


7.2 


8.2 



Example 7 



hallo a lZ P o 7 r r S ' 0n * * **** ^ 3 thickneSS ° f1 5 mm " and a condu ^ metal 

throuah ho^ln h T o S ' 0n b ° nded l ° the ** 33 Sh ° Wn in Fi 9 3 ' The P henolic P late had a tapered 

ad a' ol fd amrr iT ; ° ^ ^ 1 5 mm) ' 3nd 83Ch °' ,he C °PP er foil and the cond ^- ™-ai 

had a hole (d.ameter. 1.5 mm) servmg as a jet guide and a nozzle-like electrode. In the above bonding these three 
holes were connected to each other to form a nozzle «w"ing. mese mree 

e°er 8 o) tJeTaoerlZ^lTf" ° * W3S P ' 3Ced be '° W the phen °' iC P ,ate and a,on 9 bottom diam- 

raiqm c P ! , ,hroU9h - hole of the P henoli c Plate. This linear electrode was set as a positive electrode 
raia? ^parately, an ,nk "' et recordin 9 red ink composition was prepared in the same manner as in Example 1 

red!nl rl^^'T ^ With 30 e ' eCtr ° de W3S arran 9 ed on ,he ^ level °< the ink-jet recording 

red ink composition at an inclination of 20" to the liquid level of the ink composition 

0192] The linear electrode and the nozzle-like electrode were set as a positive electrode and a negative electrode 

Z P eZ2eT"T 9e ° f f 1 k KV Sh ° Wn 10 Tab ' e 9 W3S 3pP,ied betWeen ,he linear electrode'and ihe nozl 
I 5 " ! 6 t0 . ' measure * height of the ink composition comprising dibutyl decanedioate and the red dye The 
current in the ink composition was also measured. 
[0193] The results are set forth in Table 9. 



Table 9 



Voltaqe (kV) 


6.0 


7,0 


9.0 


10.5 


12.0 


Jet height (mm) 


3 


9 


25 


32 


40 


Current (jiA) 


3.0 


5.8 


7.2 


10 


13 



Example 8 



[0194] Theje.h.igh,ol 1 heinkoo m p t >sil!onand 1 hecu™n 1 inlh e i„kcompositb„»er em aa 8 u,edinlhe s ame n ,a„ner 

TZ^T^ZZ^^ etec,rade and ,ta nozae "" ke e ' ecl,ode were s " as a nesa,i " 8 a " d 

[0195] The results are set forth in Table 10. 



Table 10 



Voltage (kV) 


6.0 


7.0 


9.0 


10.5 


12.0 


Jet height (mm) 


2 


7 


23 


30 


38 
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Table 10 (continued) 



Current QiA) 


3.0 


7.2 


9.7 


13 


18 



5 Example 9 



w 



[01 96] The jet height of the ink composition and the current in the ink composition were measured in the same manner 
as in Example 1 , except that a multi-step electrode shown in Fig. 6 was used as the electrode. The multi-step electrode 
had four unit electrodes, and each of the unit electrodes had a cylindrical body (length: 10 mm, inner diameter 3 mm) 
and a protrusion (length: 5 mm). The distance between the tip of the protrusion and the lower end of the next unit 
electrode was 1.5 mm. 

[01 97] The results are set forth in Table 1 1 . 



75 



20 



Table 11 



Voltage (kV) 


6.0 


7.0 


9.0 


10.5 


12.0 


Jet height (mm) 


10 


21 


41 


53 


71 


Current (u,A) 


11 


18 


28 


36 


19 



Example 10 



[0198 To 97 g of d.butyl decanedioate, 3.0 g of a black dye (Kayaset Black 151-H, available from Nippon Kayaku 
7 U J J was ,ntroduced . and the mixture was sufficiently stirred and filtered to obtain a filtrate as a black ink compe- 
ls $ Toe . bla ° k ' nk composition had a conductivity a of 3.0 X 1 0* S/m and a viscosity n of 8 x 10* Pa-s at 2 kV/mm 
ano eto c, 

[0199] Then, a needle electrode and an ink jet electrode were immersed in the black ink composition and an ink 
attraction electrode was arranged above the ink jet electrode, as shown in Fig. 23. The distance between the ink jet 
electrode and the ink attraction electrode was 10 mm, and the diameter of the nozzle tip of the ink jet electrode was 
30 L 1 6 ' nk J6t elec,rode was in tne f orm of a cylinder having a diameter of 0.6 mm and a length of 10 mm The 

distance between the tip of the needle electrode and the bottom of the ink jet electrode was 2 mm 
[0200] In the following two cases, a voltage required for jetting the black ink composition was measured. 

Case A: The ink attraction electrode, the ink jet electrode and the needle electrode were set as a positive electrode 
f " , e9a l' Ve elec,rode and a Positive electrode, respectively, and a direct-current-voltage was applied to each elec- 
trode. Then, a voltage required for intermittently jetting the black ink composition and a voltage required for con- 
tinuously jetting the black ink composition were measured. 

Case B: The ink attraction electrode, the ink jet electrode and the needle electrode were set as a negative electrode 
a positive electrode and a negative electrode, respectively, and a direct-current-voltage was applied to each elec- 
^ rode. Then, a voltage required for intermittently jetting the black ink composition and a voltage required for con- 

tinuously jetting the black ink composition were measured. 

[0201] The results are set forth in Table 12. 



Table 12 





Case A 


Case B 


Voltage required for intermittent jetting 


5.5 kV 


5.5 kV 


Voltage required for continuous jetting 


6.5 kV 


7.0 kV 



so 

Claims 



1. A recording apparatus of printing mechanism, including one or more ink jet means having a hole through which 
an ink-jet recording ink composition can be jetted corresponding to printing signals, 

wherein the ink jet means comprises one or more ink jet electrodes and one or more source electrodes which 
are provided in the vicinity of bottom ends of the ink jet electrodes and are electrically insulated from the ink 
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jet electrodes; and the ink composition can be jetted from tips of the ink jet electrodes by applying a voltaae 
between the ink jet electrodes and the source electrodes 9 9 

T^e^SeM C ° mp0Siti0n COm P risin 9 an electro-sensitive movable fluid and a colorant dissolved 

^orH^w 8 ^ 3 ' 31 " 5 , 0 ' Pfinting mechanism ' inc,udin 9 an ink jet means having a hole through which an ink-jet 
recording ink composition can be jetted corresponding to printing signals. 

mTJZJ!??*, ^"^ reCOrdin9 com P° sitio " is Jed to the ink jet means; the ink jet means comprises 
one or more ink jet electrodes for jetting the ink composition and an ink attraction electrode for attracting the 
ink composition jetted from the ink jet electrodes, said ink attraction electrode being arranged in the vicinity 
o the arrival point of the jetted ink composition; and in use the ink composition is jetted from tips of the ink jet 

t^ti^e™^* ^ at,raCU ° n 3 Vb ' taQe betW6en ,he ink je ' electrodes and the ink 

said ink-jet recording ink composition comprising an electro-sensitive movable fluid and a colorant dissolved 
or dispersed in the fluid and being energized so that it can be jetted from the ink jet electrodes. 

The recording apparatus as claimed in claim 2, wherein one or more source electrodes are provided in the vicinity 
jet elects ^ ^ °' ^ e ' eCtr0des ' Said source electrodes bein 9 electrically insulated from the ink 

mcSd,n?in aPParatUS t 0t Primin9 mechanism - comprising an Inkjet means having a hole through which an ink-jet 
recording ink composit.on can be jetted corresponding to printing signals, 

on"™ "ft*! f- jet ; ecordin 9 ink composition is fed to the ink jet means; the ink jet means comprises 
one or more ink .jet electrodes for jetting the ink composition, one or more source electrodes which are provided 
in the vicnity of bottom ends of the ink jet electrodes and are electrically insulated from the ink jet electrodes 
attraction electrode for attracting the ink composition jetted from the ink jet electrodes, said ink 
attraction electrode being arranged in the vicinity of the arrival point of the jetted ink composition; and in use 
the ink composition is jetted from tips of the ink jet electrodes toward the ink attraction electrode by applying 
a vo tage between the source electrodes and the ink jet electrode and between the ink attraction electrode 
ana tne ink jet electrodes, 

ofdi S petldTtS n f?uid k COmP ° Siti0n com P risin 9 an electro-sensitive movable fluid and a colorant dissolved 

A recording apparatus of printing mechanism as claimed in claim 4, further comprising at least one pair of ink 

SSS^hSr are h e ' eCtriCa,ly inSU ' ated ,r ° m each olher and ar ™9ed in the jet direction of the ink 
T , f ^ ,nk - passln 9 nole and is provided between the ink jet electrodes and the 

2 hS! T ele, T tr0deS; ,n , Use tne ink composition is continuously jetted from tips of the ink jet electrodes toward 

TeciZ Jin^^T T be ' Ween i8t e ' eC,r0deS 3nd the S0UfCe electrodes and betwe en the ink je. 

electrodes and one of the ink attraction electrodes; and the ink composition is allowed to pass through the ink- 

eS ZT» h » l ° T° h 3 reCOrdin9 materia ' by St ° Pping P ° Wer SU PP'y to tne voltage-applied ink attract ion 

I fZVJZ t ° U Slyapplyin9avolta 9 etoth eotherinkattraction electrode, totherebychange Redirection 

oi me jetted ink compositions. 

Vr^K PPara[US ° f Printing mechanism - incl "din9 an ink jet means having a hole through which an ink-jet 
. ecordmg ink composition can be jetted corresponding to printing signals, 

wherein the ink-jet recording ink composition is fed to the ink jet means; the ink jet means comprises one or 
more .nk jet electrodes for jetting the ink composition, and at least one pair of ink attraction electrodes which 
are electrically insulated from the ink jet electrodes and arranged in the jet direction of the ink composition- 
and at least one through-hole through which the ink composition jetted from the ink jet electrodes toward the 
ink attraction electrodes passes is provided to the ink attraction electrodes; and the ink composition is allowed 
to pass through the through-hole of the ink attraction electrodes to reach a recording material 
said .nk-,et recording ink composition comprising an electro-sensitive movable fluid and a colorant dissolved 
or dispersed in the fluid. 

A recording apparatus of printing mechanism as claimed in claim 4, further comprising a gate electrode provided 
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be ween the ink jet electrode and the ink attraction electrode; wherein the ink composition is jetted in use from tips 
oi the ink jet electrodes toward the ink attraction electrode by applying a voltage between the ink jet electrodes 
and the source electrodes and between the ink jet electrodes and the ink attraction electrode, with a controlling 
voltage appl.ed to the gate electrode, thereby controlling the direction of the jetted ink composition. 

The recording apparatus as claimed in claim 7, wherein a baffle with an ink-passing hole is provided between the 
gate electrode and the ink attraction electrode. 

The recording apparatus as claimed in claim 7 or 8, wherein the gate electrode and the baffle with an ink-passing 
hole are combined into one body. y 

The recording apparatus as claimed in claim 9, wherein the gate electrode and the baffle with an ink-passinq-hole 
are combined ,nto one body, the gate electrode comprises a pair of electrodes insulated from each other by a 
boundary of the .nk-passing hole, and the gate electrode serves also as the ink attraction electrode. 

11. The recording apparatus as claimed in any preceding claim, wherein the source electrode, where provided is at 
leas one of an electrode selected from the group consisting of a linear electrode, a flat plate electrode, a needle 
electrode and a circularly holed flat plate electrode. 

12. The recording apparatus as claimed in any preceding claim, wherein the ratio between an inner diameter ot the 
Up of the ink jet electrode and an outer diameter thereof is in the range of 1:1 to 1:3, and the ratio between an 

of % t'Tao ' tiP ° f the ' nk iet e ' ectrode and a ,eng,h of a flow palh of the ink jet electrode is in the ran 9 e 



8. 



9. 



10. 
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1 3. The recording apparatus as claimed in any preceding claim, wherein the ink-jet recording ink composition is pres- 
bur it.eo, 



14. 



15. 



The recording apparatus as claimed in any preceding claim, wherein no source electrode is provided or the source 
electrodes do not function as electrodes, and the ink-jet recording ink composition is energized or pressurized with 
controlling a flow rate of the ink composition and leakage thereof by a flow resistance member. 

The recording apparatus as claimed in any preceding claim, wherein the peripheral electrodes from among the 
plural Inkjet electrodes are dummy electrodes, and a voltage can be applied to the dummy electrodes to correct 
the direction of the jetted ink composition. 

16. The recording apparatus as claimed in any preceding claim, wherein the ink jet electrodes are arranged in plural 
lines so that the plural ink jet electrodes in one line and the plural ink jet electrodes in the next line together take 
a zigzag configuration. M 

1 7. The recording apparatus as claimed in any of claims 3-16, wherein a voltage is applied in use to the ink jet electrodes 
with applying a voltage to the source electrodes and the ink attraction electrode so as to increase potential differ- 
ence between the ink jet electrodes and the source electrodes and between the ink jet electrodes and the ink 
attraction electrode. 

18. The recording apparatus as claimed in any of claims 3-17. wherein while such a voltage as is incapable of jetting 
he ink composition in the direction of the ink attraction electrode is applied between the source electrodes and 
ine ink |et electrodes, a voltage corresponding to printing signals is applied to the ink attraction electrode to jet the 
ink composition in the direction of the ink attraction electrode. 

19. The recording apparatus as claimed in any of claims 3-17, wherein while such a voltage as is incapable of jettinq 
he ink composition in the direction of the ink attraction electrode is applied between the source electrodes and 
the ink jet electrodes, a voltage corresponding to printing signals is applied to the ink source electrode to jet the 
ink composition in the direction of the ink attraction electrode. 

20. The recording apparatus as claimed in any preceding claim, wherein the ink jet electrode is a multi-step electrode 
comprising plural unit electrodes each having an ink flow path and a profusion which is positioned at the tip of the 
ink flow path and is electrically connected to the periphery of the ink flow path, said plural unit electrodes being 
disposed in series in such a manner that each protrusion points upstream and is close to (he ink flow path of the 
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a htht^ C ' r0d H b 7 i ?° ntaCt ^ the 06X1 Unit e,ectrode - said mulli " ste P strode being designed so that 
a h.gh voltage and a low voltage can be applied to the plural unit electrodes alternately. 9 

21 * sTdt £SS in! f imed " PreCedin9 C ' aim ' Wh6rein the ink * et electrodes ™ Prided on the 
Ta h^izon ^ h '" k - kee P' n 9 un '« in the ink jet means, and wherein the ink composition is jetted 

in a horizontal or downward direction from the ink jet electrodes. 

22 ' plVs e rcom D ol P H ar h atUS ^ dai 7 d ^ PreCedin9 C ' aim *' Wherein ,he electro-sensitive movable fluid com- 
hT! T 9 3 Conduc,lvi, y ° and a vis ^i>V 1 located on or inside a triangle in a graph showing a 

emeatueaS^ 

T^^J^^!" 9 Pr , eSSUr6, Said n ,rian 9' e havin 9" as vertic ^ a Point P indicated by the conductivity c 

me viscosity n 1 x 0^ T ' ■ T^' " P ° int ° by ,he C ° ndUCtivi * a = 4 * ™ W ^ and 

1 fS Pa s oTJ^ 3 P °' nt " ' ndlCated by ' he conduclivi 'y 0 = 5x10-6 S/m and the viscosity n = 

a and a CLoS "TTJ* m ' X,Ure °' tW ° ° r m ° re com P°^. said mixture being adjusted to have a conductivity 
a and a viscosity n located on or inside said triangle. y 
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Fig. 10 
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Fig. 11 
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Fig. 12 
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Fig. 13 
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Fig. 14 
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Fig. 15 
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Fig. 19 
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Fig. 21 



t 




179—— 



177 



181 



\vVAvVVvV 1 



Wit 

>:••:•>:•>;• vy 1 
•:.<•.•:*.<■:•:•:• 

/ • .• „• *. „■ \ . . . . , , , 
-V- -V- '\<'.<'S' <* <\ 



- V «V -V »V >•/ >V . V .V .V .V . VV/.V 




Fig. 22 




Pressure 



177 



